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(54) PALLADIUM CATALYST COMPOSITION 
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(57) The present invention discloses 1; a catalyst 
composition consisting of acrosslinked organic polymer 
compound and a palladium catalyst, wherein said cata- 
lyst is physicaiiy carried on said crossiinked organic pol- 
ymer compound, 2) a manufacturing method of the 
above catalyst composition 1), characterized by ho- 
mogenizing a straight chain organic polymer compound, 
haw -s a en e ;li i x a 3a ac m 

catalyst in a solvent dissolving said straight chain organ- 
ic polymer compound, then depositing a composition 
thus formed and subject c ab e functional 

group in said deposit to a crosslinking reaction, 3) a 
method for substitution reaction at an ally! position, 



characterized by reacting an ally! carbonate and a neu- 
cleophilic agent in the presence of the above catalyst 
composition 1 ), and 4) a method for oxidizing an alcohol, 
characterized by subjecting the above catalyst compo- 
sition 1) to reaction with an alcohol. The catalyst com- 
position of the present invention can be safely and easily 
handled without danger of spontaneous ignition, and the 
like, and is extremely useful as a catalyst for various 
chemical reactions, and ft therac ■ /tin eo snotde 
creased by repeated use thereof and a metal catalyst 
does not leak from a polymer compound which Is a car- 
rier thereof. 
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Description 



TECHNICAL RELD 



5 [0001] The present Invention relates lo a catalyst composition comprising a palladium catalyst carried on a 
crosslinked organic polymer compound, which has superior solvent resistance and kee eof in repeated 

use. 



BACKGROUND OF THE INVENTION 



[0002] Palladium is known as a useful catalyst since It induces various conversion reactions in organic synthesis. 
' ) jI ha i | r Mi i i il i ,i i , \ i in nn I 

<snUi j un - t " a >- lo" iepe;i so /a u paladin i 
to solve these problems has been attempted and various reactions using palladium fixed on a poiymer have been 

is reported frequently so far. However, any of conventional palladium fixed on a polymer still has a common problem that 
catalyst recovery rate is low and activity decreases in repeated use, although stability of the catalyst itself is Improved. 
[0003] For example, the present in /en i i ?} i* t \ihi i| i!h I j % u 

such as a palladium complex compound, an organic palladium compound, an irw-'tojrir -at; i aa organic salt, on a 
polystyrene-type compound, a polymer compound having an aromatic ring (for example, see the specification of Jap- 

20 anese application; JP-2001 -59742). However, the above mierocapsulaied metal catalyst turned out to be difficult to 
use for a reaction employing a general organic solvent, because any of poiymer compounds used as carriers is a non- 
crosslinked type and s defect of easily disso c j a solve to be used for a common organic reaction, 
such as methylene chloride, tetrahydrofuran, ben " < h < i r ( used as j 

carrier of the above microcapsulated metal catalyst was a non-crossiinked type, said metal-cataiyst composition ag- 

Z's glomerated easily, resulting in smaller surface ■> i il aiyst composition, which caused a problem of very 

low catalyst effioitr > i i > i II un i i h m amount of the metal 

carried on a polymer carrier, Another problem was thai raw materials or reaction products were caught into a carrier 
polymer constituting a catalyst composition in a reaction using these metal catalysts. 

[0004] To solve these problems, the present inventors studied use of a crosslinked poiymer carrier obtained by 
30 crossiinking wilh divinylbenze.oe or the iike, as the above polystyrene-type polymer compound. However, it turned out 
to be impossible to fix a metal on polystyrene crosslinked by divinylbenzene, which is Insoluble In a general organic 
solvent, because it was necessary to dissolve a polymer carrier in a solvent in order for the poiymer to carry the metal 
physically. 

[0005] On the other hand, a method for fixing a metal catalyst on a crosslinked polymer to which an ion-exchange 
35 group is introdo d polymer carrier (see 

Jp-A-59 -27840, for example). However a metal catalyst carried ou a carrier obtained bvsuoh a method was sometimes 
difficult to use repeatedly due to leakage of the carried metal catalyst depending on properties of liquid to be used with. 
[0006] in such situations, a more versatile new metal catalyst carried on a crosslinked polymer wherein the polymer 
carroms isolubU in an organic solvent anc s net hardly leaks nd < ikes its i iiy n repeated use 

40 has been required. 



SUMMARY OF THE INVENTION 



[0007] The present invention provides 1 ■ a catalyst composition comprising a crosslinked organic polymer compound 
and 3 it, herein said catalyst is physically carried on said crosslinked organic polymer compound, 
} a nanut during method of the above ca /st con 3sitio ! - i z.s 3 ion lemziag a stratghl chain or- 
ganic poiymer compound having a crossiinkable functional group and a palladium catalyst in a solvent dissolving said 
straight chain organic polymer compound, then depositing a composition thus formed and subi acting the crossiinkable 
iup in s epostt composition to a c - eactio metho ubsti ion reaction at an ally! 

1 i i-t J z , s ,1 

1) to reaction with an alcohol. 

[0008] That is, the present Inventors have found, after intensive study to attain the above objectives, thai by homog- 
enizing a straight chain organic polymer compound having a crossiinkable functional group and a palladium catalyst 
i iit < olymercomi hen depositing i composition formed and sub- 

jecting t ec s 3up in said deposit composition to a crossiinking reaction, a catalyst composition 

can easity be prepared, which comprising a crosslinked organic polymer compound and a palladium catalyst, wherein 
i i iyt ca d on i cross iked organic polymer compound. The inventors have further found 
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that thus or i gt er activity than conventional palladium catalysts in various reactions 

ds Jivent n am leading I le acti y even in repeated use, as well as is easily handled, and thus 

the present invention has been completed. In addition, after further intensive sti nt inventors have found 

that by homogenizing a straight chain organic polymer compound of particular structure having a crosslinkabie func- 
5 tional group and Pd(0) coordinated by a ligand, in a solvent dissolving said straight chain organic polymer compound, 
then depositing a composition formed and subjecting the crosslinkabie functional group in said deposit composition to 
iin! n ia! composition \» Pd(0) no: coor ed !i j in irrie i in also 

be synthesized easily, and thus the present invention has been completed . 

10 BEST MODE FOR CARRYING OUT OF THE SNVENTiON 

[0009] A palladium catalyst relating to the present invention includes any compound as long as it can be used as a 
palladium catalyst in this field, and a compound derived from Pd(0), Pd(i) and Pd(il) is preferable. A compound derived 
from Pd(0) includes Pd(0) Itself (having no ligand, etc.) and a Pd(0) complex coordinated by a ligand. A compound 
is derived from Pdfl u e h /; j dimeih ? lethanej i ! 2 j 

(CH 3 ) 2 ]2)> dichloro-j.i-bis[bis(diphenyl phosphlno) methane]dipalladium (Pd 2 Cl2[Ph2PCH 2 PPh2j2), etc., and a com- 
pound derived from Pd(ll) includes, fof example, a Pd(ll) salt such as halogenaied Pd(li) (chloride, bromide, wdide, 
i i ' I / ) \mong these, Pd(0) and a Pd(li) saii are preferable and Pd(0) is more 

preferable. 

Z'O [0010] A ligand of a Pd (0) complex includes 1,5-cyc.iooctadiene (COD), dibenzyiideneacetone (DBA), blpyridine 
(BPY), phenanthroline (PHE), benzonitnle (PhCN), isocyanide (RNC), triethyiarsine (As(Et 3 )). organic phosphine lig- 
ands such as dimeihylphenyiphcsphine (P(Cn * -h dip - - j - ^ 1 " " i in - - r 

I \ ) i i If h < 1 P ) t I h - P " , y > ,l| li ,i 1 ■ r , t u 

phine (P(OCH 3 ) 3 ), tnetnoxyphosphjne (P(OEt)- ( ). tfi-iert-buioxyphosphine (P(0*-Bu) 3 ), triphenyiphosphine (PPh 3 ), 

?s 1,2-bis(diphenylphosphlno) ethane (DPPE) r > m mu =; 1 3 

ligand, particularly triphenylf. he >u< > r {•= t 1 in hk- ii 

preferable. Among these, triphenyiphosphine is more preferable. When a palladium catalyst carried on a catalyst com- 
position of the present invention is Pd(0) having ligands, the number of the ligands is usually 1 to 4, depending on 
kinds of straight chain organic polymer compounds used in preparation, crosslinking reaction conditions, etc. 

30 [0011] A crosslinked organic polymer compound includes, for example, a crosslinked compound of a polymer or a 
copolymer obtained by polymerizing or eopolymerizing one or more kinds of 1) monomers having a crosslinkabie 
functional group and a polymerase double bond, and a crosslinked compound of a copolymer obtained by copoly- 
merszing one or more kinds of 1 ) monomers having a crosslinkabie functional group and a poiymerizable double bond 
and one or more kinds of 2) monomers having a poiymerizable double bond. Among these compounds, a crosslinked 

as i i f ii 1 [I i i 1 lii ii I i ) hnl c uik ir J 

group and a poiymerizable double bond and one kind of 2) monomer having a poiymerizable double bond is preferable. 
[001 2] A crosslinkabie functional group includes, for example, a condensable group by a condensation reaction such 
as dehydration condensation by adding an acid or heating and a reactabie group with a suitable crosslinking agent, 
and specifically includes an epoxy group, a carboxyl group, a hydroxy! group, an aoyloxy group, an isocyanate group, 

40 an amino group, etc. 

[0013] A monomer unit constituting a copolymer before crosslinking the above crosslinked organic polymer com- 
pound is a monomer unii dem, M i a i i mi j .5 • | uhle double 
bond, or a monomer unit derived from a monomer having a poiymerizable double bond. 

[0014] Ratio of a monomer unit derived from a monomer having a crosslinkabie functional group and a poiymerizable 
45 double bond, to the whole copolymer before crosslinking, in a crosslinked organsc polymer compound relating to the 
present invention, is usually 0.1 to 100% by mol, preferably 1 to 50% by mol, more preferably 5 to 40% by mo! and still 
more preferably 5 to 20% by mol. 
[0015] 

invention is a so-called straight chain organic polymer compound. A monomer ika > e functional group 

so and a rx ^ ^ . N m m which is a raw material of the above straight chain organic polymer compound, 

includes, for example, 

(1 ) a glycidyl compound having an epoxy group a? ja >> inctio 1 from a giycidyl ether 

or a giycidyl ester represented by the following general formula [1] or [2], respectively: 

55 
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■R}~-o~~x~c^~~pmi m sr ceo x . cr chr* ?i 
o"" o 

(wherein R 2 , R 3 , R 5 and R 6 each independently represents a hydrogen atom or an alkyl group having 1 to 6 carbon 

ate m > in i i i ml -> ~ 1 3 n 

of 3 to 6 members together with carbon atoms of R 3 or X, and R 5 may form a ring of 3 to 6 members together with 

carbon atoms of R 6 orY; and R 1 and R 4 each independe tly s a group ©presented b> efc jwing ge era - n ? 

13j: 



R7— €H==«p-R* — m 

m 

[wherein R 7 and R 8 each independently represents a hydrogen atom or an alkyl group having 1 to 6 carbon atoms; 
R 9 represents a direct-linkage an aikylene group having I to 6 carbon atoms, an aryiene group having 6 to 9 
carbon atoms, an aryiali vM* orr^r- having 7 to 12 carbon atoms or an arylenealkylene group having 7 to 15 
carbon atoms; and an aromatic ring in the above aryl group or araikyi group may have an alkyl group having 1 to 
4 carbon atoms, an alkoxy group having 1 to A carbon atoms and/or a halogen atom, as a substituent]), 

(2) a monomer having a carboxyl group as a crossiinkable functio jl grouf pr< i Slowing general 
formula [4]: 

RKwce^C R n [4] 

I 

COOB 

(wherein R 1G represents a hydrogen atom or an alkyl group having 1 to 8 carbon atoms, R 11 represents a hydrogen 
atom, an alkyl group having 1 to 6 carbon atoms, an aryl group having 6 to 10 carbon atoms or an araikyi group 
having 7 to 12 carbon atoms, and an aromatic ring in the above aryl group or araikyi group may have an alkyl 
group having 1 to 4 carbon atoms, an alkoxy group having 1 to 4 carbon atoms and/or a halogen atom as a 
substituent; and R 12 represents a direct-linkage, an aikylene group having 1 to 6 carbon atoms, an aryiene group 
having 6 to S carbon atoms, an arylalkylene group having 7 to 12 carbon atoms or an arylenealkylene group having 
7 to 15 carbon atoms), or 

(3) a monomer having a hydroxy! group, an acyloxy group, an isocyanato group or an amino group as a crosslink- 
able functional group, represented by the following general formula [5j: 



Rw 

(wherein R 13 represents a hydrogen atom or an alkyl group having 1 to 2C > > - sents a hydroxy! 

group, an amino group, hydroxyalky! group having 1 to 50 carbon atoms that may have a carbonyl group and/or 
an oxygen atom, a hydroxyary! group having 6 to 10 carbon aton 5 a > - 7 to 50 carbon 

atoms that may nave a carbonyl group and/or an ox.c^' a om ? 3 50 carbon 

atoms thai, may have a carbonyl group and/or an oxygen atom, an acyloxy group having 2 to 6 cartoon atoms, an 
aryiacyloxy group having 7 to 15 carbon atoms, an isocyanatoalkyl group having 2 to 7 carbon atoms, an isocy- 
anatoary! group having 7 to 20 carbon atoms, an isocyanatt 

anatoalkylaryl group having 8 to 20 carbon atoms, an aminoaikyl group having 2 to 7 carbon atoms, an aminoary! 
group having 7 to 20 carbon atoms, an aminoaraikyi group having 8 to 20 carbon atoms or an aminoaikylaryl group 
having 8 to 20 carbon atoms; an aromatic ring in the above hydroxyary! grc < t ydn a K 
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laryl group, aryiacyloxy group, isocyanatoary! group, isocyanatoaraikyl group, isocyanatoalkylary! group, aminoary! 
group, aminoaraikyi group and aminoalkylaryi group may have an aikyl group having 1 to 4 carbon atoms, an 
aikoxy group having 1 to 4 carbon atoms and/or a halogen atom; R 15 repr > je ak n , sr a \ y group 

having 1 to 6 carbon atoms, an aryi group having 6 to 10 carbon atoms or an araikyi group having 7 to 12 carbon 
s atoms, and an aromatic ring in the above aryi group or araikyi group may have an alkyi group having 1 to 4 carbon 

atoms, an aikoxy group having 1 to 4 carbon atoms and/or a halogen atom, as a substituent). 

[0016] i d R t i i i i j! i 1 i ted by the 

general formula [1j or [2], respectively, which Is the above glycidy! compound (1) having an epoxy group and a polym- 

io e abie d e bond, may be straight ain i li x :ludes a group having usually 1 to 6 carbon 

atoms, preferably 1 to 4 carbon atoms and more preferably 1 to 2 carbon atoms, and sp< * i i ethyl group, an 
ethyl gro ; an vpropyi grout i >pyi grouj n-buly roup, a > , >up w bur, jro t-buh 
group, an n-penty! group, an i&opentyi group, a sec-penty! group, a tert-pentyl group, a neopenty! group, an n-hexy! 
group, an isohexyl group a sec-hexyigroup, a tert-hexyi group, a cyciopropyl group, a cyclopentyi group, a cyclohexyl 

15 group, etc. 

[0017] 1 , " ^ ^ - In v f ji x y a hydrogen atom, and each of R 5 and R 6 in the 

general formula [2] is preferably a hydrogen atom. 

[0018] An alkylene group represented by X and Y may be straight chain, branched or cyclic and includes a group 
having usually 1 to 6 carbon atoms, preferably 1 to 4 carbon atoms arid more preferably 1 to 2 carbon atoms, and 

?o specifically includes a methylene group, an ethylene group, a trimelhylene group, a propylene group, a methylmeth- 
ylene group, an methylethylene group, an eihylmethyiene group, a letramelhylene group, a pentamethylene group, a 
hexamethylene group, a cyciopropylene group, a cyclopentylene group, a cyclohexylene group, etc. 
[0019] An alkyl group represented by R 7 and R 8 in the general formula [3] may be s jht < sin, branched or cyclic 
and includes a group having usually 1 to 8 carbon atoms, preferably 1 to 4 carbon atoms and more preferably 1 to 2 

?s carbon atoms, and specifically includes a methyl group, an ethyl group, an n-propyl group, an isopropyi group, an n- 
butyl group, an isobutyl group, a sec-butyl group, a tert-butyl group, an n-penty! group, an isopentyl group, a sec-penty! 
group, a tert-pentyl group, a neopenty! group, an n-hexy! group, an isohexyl group, a sec-hexyl group, a tert-hexy! 
group, a cyciopropyl group, a cyclopentyi group, a cyclohexyl group, etc. 
[0020] Each of R 7 and R 8 in the genera! formula [3] is preferably a hydrogen atom. 

30 [0021] An alkylenpgrcu t i ,< !u U < jnup having 

usually 1 to 6 carbon atoms, preferably 1 to 4 carbon atoms and more preferably 1 to 2 carbon atoms, and specifically 
includes a methylene group, an ethylene group, a trimethylene group, a propylene group, a metbyimetbylene group, 
( If group, an eihylmei jt > > t i h > pentamel ji u| x jriet^vlene 

group, a cyciopropylene group, a cyclopentylene group, a cyclohexylene group, etc. 

35 [0022] An arylene group represented by R 8 includes usually a group having 8 to 9 carbon atoms and specifically 
includes a p-phenylene group, a o-phenylene group, a m-phenylene group, a 2-methylphenylene group, a 2,6-dimeth- 
y!pbenylene group, a 2,4-dimethylphenyiene group, a 2,3-d:rnethy!phenylene group, etc. 

[0023] An arylalkyiene group represented by R 9 includes usually a group having 7 to 1 2 carbon atoms and specifically 
phenyimef u h i en gi u; i jnylpi jpyh n< 3 >up 

40 a 1-phenylbuty!ene group, a 2-phenylbutyiene group ? !r - - trjd « hy - - group, etc. 

[0024] An arylenealkylene group represented by R s includes a group having usually 7 to 15 carbon atoms and pref- 
erably 7 to 10 carbon atoms, and specifically, for example, 



50 
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.which are a combination of Ihe above alkylene group and arylene group as appropriate. 

[0025] R 9 represented by the general formula [3] is preferably an arylene group or an arylenealkylene group and 
particularly preferably an arylenealkylene group. 
'io [0028] A ring that R 2 and R s each may form together with carbon atoms of R 3 or X, and carbon atoms of R 6 or Y, 
respecti vely in the genera! formulas [1 j and [2], includes usually a ring of 3 to 6 members and specifically a cyclopropane 
ring, a cyclobutane ring a cyclopentam ig. a lohe> ie iik« 

[0027] A preferable glycidy! compound represented by the general formula [1] or [2] includes specifically giycidyl 
ethers such as viny oc- >vy c, ycc } s in, 11 I 1 In n <l i! ^ al 

is giycidyl phenylacetate, etc. 

[0028] A particularly preferable glyciryl cot 51 si e uiq c - \ - > t ; |l 1 i P represented 

by the genera! formula [1 ]. 

[0029] An alkyl group represented by R 10 and R 11 in the monomer represented by ihe general formula [4] having a 
■•y yroup 11 i it In , irn c 

20 a group having usually 1 to 6 carbon atoms, preferably 1 to 4 carbon atoms and more preferably 1 to 2 carbon atoms, 
and specifically includes a methyl group, an ethyl group, an n-propy! group, an isopropyl group, an n-butyl group, an 
isobuty! group, a sec jro -ft grout n-pen p. an i&ope j ec-pe oup, a te 

penlyl group, a neopentyl group, an n-hexyl group, an jsohexyl group, a sec-hexyl group, a tert-hexyl group, a cyclo- 
propyi group, etc. 

25 [0030] An aryl group represented by R 11 includes a group having usually 6 to 10 carbon atoms and preferably 6 
catoo j 1 [ 1 n example, a phenyl group and a naphthyi group. 

[0031] An aralkyl group represented by R* 1 includes a group having usually 7 io 12 carbon atoms and preferably 7 
to 10 carbon atoms, and specifically, a benzyl group, a phenylethyl group, a phenyipropy! group, a phenylbufyl group, 
a phenylpentyl group, a phenylhexy! group, etc. 

30 [0032] An alkyl group which is used as a substituent that an aromatic ring in an aryi group and an aralkyl group 
represented by R 11 may have, may be straight chain or branched, and Includes usually a group having 1 to 4 carbon 
atoms and specifically a methyl group, an ethyl group, an n-propyl group, an isopropyl group, an n-butyl group, an 
isobutyl group, a sec-butyl group, a tert-butyl group, etc., and an alkoxy group which is used as a substituent that the 
above aromatic ring may have, may be straight chain or branched, and Includes usually a group having 1 to 4 carbon 

35 atoms, and specifically a methoxy group, an e < 3 m > > > x oup 

isobutoxy group, a sec-butoxy group, a tert-butoxy group, etc. A halogen atom that the above aromatic ring may have, 
includccs, for example, a chlorine: atom, a fluorine atom, a bromine atom and an iodine atom. 

[0033] The above substituents of usually 1 to 5 and preferably 1 to 2 may be present in an aromatic ring in an aryi 
grout ■' " < 5 < N f >< f 11 ' : ; ~ 

40 [0034] An alkylene group, arylene group, arylalkylene group and arylenealkylene group represented by R 12 in the 
general formula [4], include similar groups as those represented by the above R 9 in the general formula [3]. 
[0035] R 12 is preferably a direct-linkage in a monomer represented by the genera! formula [4] and such a monomer 
is also called an acrylic-acid-based monomer in the present Invention. 

[0036] Among acrylic-acid-based monomers, acrylic acid and methacryiic acid are more preferable examples, and 

45 methacryiic acid is particularly preferable. 

[0037] t vl 1 t < hi rented by the general formula [5j having a hydroxy! 

group tn the above (3), an acyloxy group, an isocyanato group or an at grc j and a - Kihte bond 

may be straight chain, branched or cyclic and includes a group having usually 1 to 20 carbon atoms, preferably 1 to 
10 carbon atoms, more preferably 1 to 6 carbon atoms, still more preferably 1 to 4 carbon atoms and particularly 

so preferably 1 to 2 carbon atoms, and specifically includes a methy! group, an ethyl group, an n-propy! group, an isopropy! 
group, an rebutyi group, an isobufyl group, a sec-butyl group, a tert-butyl group, an n-pentyt group, an isopenty! group, 
a sec-pentyi group, a feri-penty! group. 1 neopentyl group, an n-hexyi group, an isonexyi group, a sec-hexyl in up, a 
tert-hexyl group, a 3-methyipentyl group, a 2-methyipentyl group; a 1,2-dimelhyibutyi group, an n-heptyl group, an 
isohepty! group, a sec-heptyl group, an n-oetyi group, an Isoociyi group, a sec-octyi group, an n-nony! group, an n- 

55 decyl group, an n-undecyl group, an n-dodecyl group, an n-tridecy! group, an n-tetradecyi group', an n-penladecy! 
group, an n-hexadecyl group, ann-heptadecy! group, an n-octadecy! group, an n-nonadecyi group, an n-icosyl group, 
a cycsopropyl group, a cydopentyi group, a eyciohexy! group, a cycloheptyl group, a cyciooctyi group, a eyefononyi 
group, a cyclodecyl group, a cycioundecyl group, a cyclododecyl group, a cycloiridecyl group, a cyciotetradecy! group, 
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f a cycloheptadecyi group. c ; 

group, a cycloicosyl group, etc, 

[0038] A f sented b R th may have a carbonyl group and/or an oxygen atom may be 

straight chain, branched or cyciic and includes a group having usually 1 to 50 carbon atoms, preferably 2 to 20 carbon 

5 atoms, more preferably 5 to 15 carbon atoms and siill more preferably 8 to 13 carbon atoms, and specifically includes 
a hydroxymethyl group, a •i-hydroxyethyl group, a 2-hydroxyethy! group, a 1-hydroxy-n-propyl group, a 2-hydroxy-n- 

< | hydroxy-n-propy > iBlhyiethyi group, a 1 - hydroxy- 1-meth 

droxy-n-buty! group, a 2 -hydroxy -n -butyl group, a 3-hydroxy-n-butyl group, a 4-hydroxy-n-butyl group, a 3-hydroxy- 
Ipropyl group, a 1-hydroxy-2-methylpropyl group, a 3-hydroxy-1 -methyl- 

10 propyl group, a 2-hydroxy-1-methylpropy! group, a 1-hydroxy-1-methylpropy! group, a 1 -hydroxy penty I group, a 2-hy- 
droxypentyi group, a 3-hydroxypentyl group, a 4-hydroxypentyl group, a 5-hydiCv ,-peniyl cuoup, a 4-hydroxy-1-meth- 
ylbutyi group, a 3-hydroxy- 1-eihyipropyi group, a 1 -hydroxy-1 -eihyipropyl group, a 1-hydroxy-n-hexyl group, a 3-hy- 
droxy-n-hexyi group, a 6-hydroxy-n-hexyl group, a 5-hydroxy-3-pentyl group, a 4-hydroxy-1 ,1-dimethyt butyl group, a 
1 -hycircjxyhepiy! group, a 7 jroxydecy 

is group, a 11-hydroxyundecyl group, a 12-hydroxydodecyl group, a 1 3-hydroxytridecy! group, a 1 4-hydroxytetradecyi 
grout ~ 11 < 5 7-hydro:< H< a 18-hydroxy- 

octadecyl group, a 1 9-hydroxynonadecyl group, a 20-hydroxyicosyl group, a 25-hydroxypentacosyl group, a 30-hy- 
droxyiriaconlyl group, a 40-hydroxytetracontyl group, a 50-hydroxypentacontyl group, a 1 -hydroxycyclopropyl group, 
a 2-hydroxycyciopropyl group, a 1 -hydroxycyclopentyl group, a 2-hydroxycyclopeniyi group, a 3-hydro:<ycyolopenty! 

20 group, a 1 -h yd roxycyclohexyi group, a 2-hydroxycyc.lohexyl group, a 3-hydroxycyciohexyl group, a 1 -hydroxycyclohep- 
tyi group, a 2-hydroxycyclooctyl group, a 3-hydroxycyciononyi group, a 3-hydroxycyclodecyl group, a 4-hydroxycy- 
clopentadecy! group, etc. 

[0039] The above hydroxyaikyl group may have carbonyl groups; of usually 1 to 5, preferably 1 io 2 and more pref- 
erably 1 in its chain or at the end of its chain, and/or oxygen atoms of usually 1 to 15, preferably 1 to 10 and more 
25 preferably 3 to 5 in its chain or at the end of its chain. 

[0040] A hydroxyaikyl group represented by R 14 having a carbonyl group and/or an oxygen atom includes specifically, 
for example, 




35 




(wherein n is an integer of 1 to 6.) 




(wherein m is an integer of 1 to 15.) 
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0 



-H 



(wherein n is the same as the above.; 

and among these, a hydroxyaikyl group having only oxygen atoms is preferable. 

[0041] I r r i < til ^ In = < ruj hi sjally 6 to 10 carbon atoms and preferably 

6 carbon atoms, and specifically, for example, a 2-hydroxyphenyi group, a 3-hydroxyphenyl group and a 4-hydroxy- 
phenyi group. 

[0042] A hydroxyaraiky; group represented by R ! '' f fhat may have a carbonyi group and/or an oxygen atom may be 
straight chain, branched or cyclic and includes a group having usually ? to 50 carbon atoms, preferably 7 to 30 carbon 

ii | n i i inlii I h i , < n n t ( , , h 

droxyphenylmelhy! group, a -1-hydro.xyphenyimethyl group, a hydroxyphenyieihy! group, a hydro.xyphenyipropyi group, 
a it / II ii 1 1 i u| a hydroxyphernyihexy! group, a ,( i ; In , ,1 group, i hydroxypnenyioetyl group, 

a hydroxyphenyinonyl group, a hydroxyphenyldecyi group, a hydroxyphenyiundecyl group, a hydroxyphenyldodecy! 
group, a hydroxyphenyltridecyl group, a hydroxyphenylteiradecy! group, etc. 

[0043] The above hydroxyaralkyl group may have carbonyi groups of usually 1 to 5, preferably 1 to 2 and more 
preferably 1 in its chain or at the end of Its chain, and/or oxygen atoms of usually 1 to 15, preferably 1 to 10 and more 
preferably 3 to 5 in its chain or at the end of its chain. 

[0044] A preferable hydroxyaralkyl group represented by R 14 having a carbonyi group and/or an oxygen atom in- 
cludes specifically, for example, 



(wherein n is the same as the above.) 

[0045] A hydroxyaikyiaryl group represented by R 1 4 that may have a carbonyi group and/or an oxygen atom is straight 
chain, branched or cyclic and includes a group having usually 7 to 50 carbon atoms, preferably 7 to 30 carbon atoms 
and more pn > drbon atoms, and specifically includes a 2-hydroxytnethylphenyl group, a 3-hydroxymeih- 

I arc }%. ■> 4-hydroxymethy! phenyl group, a hydroxyethyiphenyl group, a hydroxypropylphenyi group, a hydroxy- 
butylphenyi group, a hydroxyl-tert-buiylphenyi group, a hydroxypentylphenyl group, a hydroxyisopentylphenyl group, 
a hydroxyhexyiphe j i - - a hydrox ct he I grout lr jnylphen 

)x n irox i I iroup a hydroxydodecylphenyl group, a hydroxytridecyipheny! 

group, a '-yd - eny! group, etc. 

[0046] The > I gro nay i / irbony groups or usually 1 io 5, preferably 1 to 2 and more 

s its chain c i rox r u 1 to 5 preferably 1 to 10 and more 

preferably 3 to 5 in its chain or at an end of its chain. 

[0047] I n esen - "< ing a carbonyi group and/or an oxygen atom In- 

cludes specifically, for example, 




(wherein 



the same as the above.) 
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(wherein n :s the same as ihe above.) 




15 

(wherein n is ihe same as the above.) 

[0048] An acyloxy group represented by R 14 may be straight chain, branched or cyclic and includes a group having 
usually 2 to 6 careen atoms . •> - , , > i 1 aii i \ - f , j< gmuf » prof 2 ylox» 

Z'O group, a butyryloxy group, a vaieryloxy group, a hexanoyioxy group, etc. 

[0049] An aryiacyioxy group represented by R 14 includes a group having usually 7 to 1 5 carbon atoms and preferably 

k c terns, and spe exampie henz jxv grouf I 

[0050] An isocyanaioalkyi group represented by R 14 may be straight chain, branched or cyclic and includes a group 
having usually 2 to 7 carbon atoms and preferably 2 to 5 carbon atoms, and specifically includes a 2-isocyanatomeih- 

?5 I C j Jt 1 , || r ill it i I 1 l ill I til, ^ ^ ^ 

group 5 t 1 i 1 1 m a 11 1 an i^riv group, an 

isocyanatopentyiphenyl group, an isocyanatoiscpentylphenyl group, an isocyanatohexylphenyl group, an isocyanato- 
heptylphenyl group, an isocyanatooctylpheny! group, an isocyanatononylphenyl group, an isocyanatodecyiphenyl 
group, an isocyanatoundecylphenyl group, an isocyanatododecylpheny! group, an isocyanatotridecylphenyi group, an 
30 isocyanalotetradecylphenyl group, etc 

[0051] An isocyanatoaryl group represented by R 14 includes a group having usually 7 to 20 carbon atoms and pref- 
erably 7 to 15 carbon atoms, and p< 1 •« > for example, an isocyanatophenyl group, an isocyanatonaphthyl group 
and an isocyanatoanthryi group. 

[0052] An Isocyanatoaralkyl group represented by R 14 may be stra - 1 1, brani ed or cyclic and includes a group 
35 having usually 3 to 20 carbon atoms and preferably 8 to 1 5 carbon atoms, and specifically includes a 2-isocyanatophe- 
nyirnetnyl group, a a" 'I ■ 'ci, i t\ group, a x - - ,g h , n • h, ] x n an isocyanatophenylethyi 
^111 c - ^ ana I ji i| 1 t in 1 II > } 

( 1 s itophenyloctyl group, an isocyanatophenyinonyi group, an isocyj > 
group v i;ccyjnjt>ph«n\,k 1 m >henyltridecyi group, an 

40 isocyanatophenyltetradecyl group, etc. 

[0053] An isocyanatoaikylary! group represented by R 14 may be straight chain, branched or cyclic and includes a 
group having usually 8 to 20 carbon atoms arm prefei ably 8 to 15 carbon atoms, and specifically Includes a 2-isocy- 
anatomethylphenyl group, a 3-isocyanaiomethylphenyl group, a 4-isocyarsatomethyl phenyl group, an isocyanatoethyi- 
c \n, group soi /ana ipylp I grouj 1 >butyip I grouf 1 1 > i jutyiphs 

45 group, an isocyanatopentyiphenyl group, an isocyanaiolsopentylphenyi group, an Isocyanatohexylphenyl group, an 
i&ocyr) h' it I 1 ^ c ^ = o< yanakoctylp'O' y! 3'- <, ii 1 n isoc y anatodecyl- 

eny aup -> ana ^ . t-n >. j < mi - Iplmi; "u vrl - - I 

group, an isocyanatotetradecylphenyl group, etc. 

[0054] An aminoaikyi group represented by R 14 may be straight chain, branched or cyclic and Includes a group 
so having usually 2 to 7 carbon atoms and preferably 2 to 5 carbon atoms, and specifically includes a 2-aminomethyipheny! 
group a 3-amino 1 1 s j i x r l| h 

ny! group, an aminobutylphenyl group, an amlno-tert-buiylphenyl group, an aminopentylpbeny! group, an aminolso- 
pentylphenyl group, an aminohexylp'nsny! group, an aminoheptylphenyi group, an aminooctylphenyl group, an ami- 
nononyipheny! group an ar ^ nJe^ p 1 ^up 

55 aminoiridecylphenyl c c a oup, etc. 

[0055] An aminoaryl group represented by R 14 includes a group having usually 7 to 20 carbon atoms and preferably 
7 to 1 5 carbon atoms, and spec e, an aminophenyl group, an aminonaphthyl group and an aminoan- 

thryl group. 
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[0058] An aminoaralkyl group represented by R 14 may be straight chain, branched or cyclic and includes a group 
having usually 8 to 20 carbon atoms and preferably 8 to 15 carbon atoms, and specifically a 2-aminophenylmethyl 
group, a 3-aminophenylmethy! group, a 4-aminophenylmethyl group, an aminophenylethyl group, an aminophenylpro- 
pyi group, an aminop II >up, an aminophenyihexyl group, an aminophenylheptyl group, an aminophenyiocty! 
s , group, an aminophenylundecyl group, an aminophenyldo- 

ciecyl group, an aminophenyitndecyi group, an annnophenyltetradecyl group, etc. 

[0057] An aminoalkylary! group represented by F ma >e straight chain, bra had or /elk > i 1 udes group 
h3v:09 usually 8 to 20 carbon atoms and preferably 8 to 15 bon items, a c i y a it I 

group, a ; i - /I; In u, group, a 4-aminomethylpheny! group, an , u»i"t > ^ ,l group, an aminopropylphe- 
'io ny! group, an aminobutyiphenyl group, an amlno-tert-buiylphenyl group, an aminopentylphenyl group, an aminoiso- 
pentylphenyl group, an aminohexylpheny! group, an aminoheptylphenyi group, an aminooctylphenyi group, an ami- 
nononyiphanyl group, an auunedecyipheny; group, an aminoundecyl phenyl group, an aminododeoyiphenyi group, an 
aminotridecylphenyl group, an aminoietradeeylphenyi group, etc. 

[0058] In th< above hydrc xyaralkyl group } xy group jocyana- 

15 toaryl group, isocyanatoaralkyl group, isocyanatoaikyfaryl group, aminoaryl group, aminoaralkyl group, aminoalkylaryl 

group, etc., an alkyl group which ; used as 3 subs tu« 1 ha n omati< j may h « na> )t t chain or 
m i ill > i< bon atoms and specifically a methyl group, an ethyl group, 

an n-propy! group, an Isopropyl group, an n-buty! group, an isobutyi group, a sec-butyl group, a tert-butyi group, etc., 

and an alkoxy group which is used as a substituent thai the aromatic ring may have, may be straight chain or branched, 
?o and includes usually a group having 1 to 4 carbon atoms a- |. . us ,■ p - ethoxy group, a propoxy 

group, an isopropoxy group, a butoxy group, an isobutoxy group, a sec-buloxy group, a ten-butoxy group, etc. A halogen 
c is used as a substi ^ ■> > r t unc r v have inn - k i a fluorine 

atom, a bromine atom and an iodine atom. 

[0059] The above substituents of usually 1 to 5 and preferably 1 to 2 may be present in an aromatic ring In a hy- 
25 droxyaryl group, a hydroxyaralkyl group, a hydroxyalkylaryl group, an arylacyloxy group, an isocyanatoaryl group, an 
isocyanatoaralkyl group, an isocyanatoalkylaryl group, an aminoaryl group, an aminoaralkyl group, an aminoalkylaryl 
group, etc., represented by R 14 . 

[0060] In a monomer represented by the general formula [5], R 14 represents preferably a hydroxyalkyl group that 
may have a carbonyl group and/or an oxygen atom and more preferably a straight cl a i I i roup that may 

30 hav« an oxygen 3 j < in i t i > i< n i ually 1 o 15 preferably 

1 to 10 and more preferably 3 to 5 in the alkyl chain thereof. 

[0061] An /I grouf sen by R in I jeneral formula [5J may be straight chain, branched or cyclic and 
includes a group having usually 1 to 6 carbon atoms, preferably 1 to 4 carbon atoms and more preferably 1 to 2 carbon 
atoms, and specifically includes a methyl group, an ethyl group, an n-propy! group, an isopropyl group, an n-buty! 
35 group, an isobutyi group, a sec-butyl group, a tert-butyl group, an n-pentyl group, an isopeniyi group, a sec-penty! 
group, a tert-pentyl group, a neopenty! group, an n-hexyt group, an isohexyl group, a sec-hexyl group, a tert-hexyl 
group, a cyelopropyi group, a oyeiopentyl group, a cyclohexyl group, etc. 

[0062] An aryl group represented by R 15 includes a group having usually 6 to 10 carbon atoms and preferably 8 
carbon atoms, and specifically, for example, a phenyl group and a naphlhyi group. 
to [0083] , \ ^ j kj -pip>s- - i - ' - t chain, branc y , < gmup i nc 

usually 7 to 12 carbon atoms and preferably 7 to 10 carbon atoms, and specifically a benzyl group, a phenylethyl group, 
a phenylpropyl group, a phenyl butyl group, a phenylpentyl group, a phenylhexyl group, etc. 
[0064] A preferable monomer represented by the general formula [5] includes specifically, for example, 
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35 

are particularly preferable, 

[0065] 2) A monomer having a poiymerizabte double bond, which is a raw material for synthesizing a straight chain 
organic polymer compound which is a copolymer before crosslinking to a crosslinked organic polymer compound re- 
lating to the present invention includes, for example, a monomer represented by the following general formula [6] : 



c=c( 



R indep ly r< : ydrogen alom or an alkyl group having 1 to 6 carbon atoms; 

n sent fi c i 1 3 i halog itorn or an alkyl g cup having 1 to ( rait n i < 

it v i i having 2 to 6 carbon atoms, an , fo 15 

carbon ato 3 x < ivlng 2 to 6 carbon atoms, an aiky! group having 1 to 6 carbon atoms, an 

aryi group having 6 to 10 carbon atoms and an araiKyi group having 7 to 12 carbon atoms; an aromatic ring in the 
above arylacyloxy group, aryl group and araikyl group may have further an alkyl group having 1 fo 4 carbon atoms, an 
alkoxy group having 1 to 4 carbon atoms or a halogen atom, as a substituent). 
55 [0068] An alkyl group represented by R 16 to R 19 in the general formula [6] may be straight chain, branched or cyclic 
and includes a group having usually 1 to 6 carbon atoms, preferably 1 to 4 carbon atoms and more preferably 1 to 2 
carbon atoms, and specifically includes a methyl group, an ethyl group, an n-propyl } N 5 - isopmpyj grour. 
butyl group - ip a tert-butyl group, an n-pentyl group, an isopentyl group, a sec-penfyi 
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group, a tert-pentyl group, a neopenty! group, an n-hexyl group, an isohexyl group, a sec-hexyi group, a teri-hexy! 
group, a cyc.lopropyi group, a cycicpenty! group, a cyciohexyl group, etc. 

[0087] A halogen atom represented by R 19 includes, for example, a chlorine atom, a fluorine atom, a bromine atom 
and an iodine atom. 

5 [0068] An acyloxy group represented by R 18 may be siraighl chain, branched or cyclic and includes a group having 
2 to i on ator id prefers 2 to 4 carbon atoms, and specifically includes an acetyloxy group, a pro- 
pionyioxy group, a foutyryloxy group, an isobutyryloxy group, a valeryloxy group, an isovaleryloxy group, a pivaloyloxy 
group, etc. 

[0069] An arylacyloxy group represented by R 18 includes a group having usually 7 to 15 carbon atoms and preferably 
10 7 to 10 carbon atoms, and specifically, for example, a benzoyloxy group and a naphthoyloxy group, etc. 

[0070] An alkoxycarbonyl group represented by R 18 may be straight cha n, bran di d and Includes a group 
i 6 carbon i ill iton i > ncludes a methoxycarbonyl 

group, an ethoxycarbonyl group, a propox i grou b 

isobutyioxycarbonyi group, a sec-butyfoxycarbonyl group, a iert-butyloxycarbonyl group, a pentyloxycarbonyl group. 
is an isopentyloxycarbonyl group, a sec-pentyloxycarbony! group, a tert-pentyloxycarbonyl group, a cyclopropytoxycar- 
bonyi gu u; i , N > , ' x > etc. 

[0071] An aryl group represented by R 18 includes a group having usually 6 to 10 carbon atoms and preferably 8 
carbon atoms, and specifically, for example, a phenyl group and a naphthyi group, 

[0072] An aralkyl group repn ented by R 18 may b« i i lain bran < 1 , iciudes group hav, c 

i'O usually 7 to 12 carbon atoms and preferably 7 to 10 carbon atoms, and specifically a benzyl group, a phenyiethyi group, 
a phenylpropyl group, a phenylbutyl group, a phenylpentyi group, a phenylhexyl group, etc 

[0073] An alky! group which r f-J as a i - ma' an :io m the above arylacyloxy group, aryl group 
> y rff < ' by R 1 8 may have i i< in ual! i i * 

1 to A r i ^ ur^ up an n-buty! 

?s group, an isobutyi group, a sec-butyl group, a tert-buty! group, etc.. An alkoxy group, which is used as a substituent 
that an aromatic ring in the above 3 groups may have, may be straight chain or branched and includes usually a group 
having 1 to 4 carbon atoms, and specifically a methoxy group, an ethoxy group, a propoxy group, an isopropoxy group, 
a butoxy group, an isobutoxy group, a sec-butoxy group, a tert-butoxy group, etc. A halogen atom which is used as a 
substituent that an aromatic ring in the above 3 groups may have, includes, for example, a chlorine atom, a fluorine 

30 atom, a bromine atom and an iodine atom. 

[0074] The above substituents of usually 1 to 5 and preferably 1 to 2 may be present in an aromatic ring in the 
hydroxyaryl group, h 

[0075] R' 8 In a monomer represented by the general formula [6J is preferably an aryl group and more preferably a 
phenyl group, and such a monomer is also called a styrene-based monomer in the present invention. 
35 [0076] A preferable styrene-based monorne \ > \ f j < i < n b , ^ i h, < < 

v'ls i I rene. m-mel rene. pa 1 a. and among ;h< t I r styrt 

are more p pn ferable. 

[0077] At least one monomer among 1 ) the above monomers represented by the general formulas [1], [2], [4] and 
[5], having a crosslinkabie functional grouo anc 5 no ill I In a i i pi 

40 bviie - - - i inaa izacie double bond, preferably has an aromatic nng in the molecule thereof. 

Among them, more preferably, a monomer represented by the general formula [6] has an aromatic ring therein and, 
further preferably, ail monomers have an aromatic ring. 

[0078] A crosslinked organic polymer compound relating to the present invention is preferably a compound obtained 
by crossiinking a copolymer of (1 ) a glycidyl con c j having an epoxy grout sad a polymerizable double bond, (2) 

45 a styrene-based monomer and (3) an acrylic-acid-based monomer or a monomer having a hydroxyalkyl group con- 
taining one or more oxygen atoms and a polymenzabie double bond. Among these monomers, (3) a monomer having 
a hydroxyalkyl group containing one or more oxygen atoms and a polyn enzabl - double bond is more preferable. A 
compound is further preferable that is x Jinx b> res; il i copoiyt x of a glycidyl con ound h v c < » 

omaiii i epc group anc polyn bit on< , j - c 1 tc c fa x 1 J j r if 

50 having an aromatic ring, a hydroxyalkyl group containing one or more oxygen atoms and a polymenzabie double bond. 
That is, it is desirable for each monomer unit to have an aromatic ring, and monomer units of usually 50% or more, 
preferably 70% or more and more preferably 100% based on a!! monomer units may have an aromatic ring. 
[0079] A polymer or a copolymer obtained by polymerizing or copolymerizlng one or more kinds of the above 1) 
monomers having a crosslinkabie functional group and a polymerizabie double bond, or a copolymer obtained by 

ss jpoiyi i is f i i i li ind 3 polymeri ible double 

bond and one or more kinds of monomers 2) having a polymerizabie double bond, is -eviated as a 

straight chain organic polymer compound. 

[0080] A straight chain organic polymer compound having a crosslinkabie functional group ma, 
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well known polymerization method, wherem various monomers described above are dissolved or suspended in a proper 
solvent, followed by the addition of a suitable polymerization initiator and reacting while stirring and heating, 
[0081] For example, an ob a . rganic polymer c . ipcu ar - 5 

omers described above in ratio described above, followed by dissolving the monomers in a proper solvent of 1 to 10 
times as much as the monomers' volume, such as toluene, 1 ,4-dioxane, tetrahydrofuran, isopropanol, methyl elhyi 
ketone, etc., reacting the monomers at 50 to 150QC for 1 to 20 hours in nitrogen stream in the presence of a polym- 
erization initiator of 0.1 to 30% by weight based on the monomers, such as azc , 

ylvaleronil' / ^ methyl ester), 2 z 1 h > 1 1 1 yl peroxide, 

lauroyi peroxide, etc., and subjecting the reaction mixture to the post process according to an ordinary method for 
obtaining a polymer. 

[0082] Weight average molecular weight (Mw) of a straight chain organic, polymer compound relating to the present 

- ig as the compo 
3,000,000 and preferably 10,000 to 100,000. 
[0083] 

represented by the following general formula [V] that is derived from a monomer represented by the above general 
formula [1]: 



(wherein R 1 to R 3 and R 7 to R 9 are the same as the above), a monomer unit represented by the following g 
formula [2'J that is derived from a monomer represented by the above general formula [2j . 



(wherein R 4 to R s are the same as the above), a monomer unit represented by the following genera! formula [4'] that 
is derived from a monomer represented by the above general formula [4{: 



m 



a monomer unit >( pr as t a 
s derived from a monomer represented by the above genera! formula [5]: 
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(wherein R 13 to R 1S are the same as the above), and a monomer unit representee 3 a lula j j 

that is derived from a monomer rej ssented I she above general formula 16]: 



16] 



S - r C - - ' - r ' ,\ - " ll 

[0084] When a combinatio 1 ousmo 1 uni sconstit 5 hain unci c- 

0 the eniion is. for exar a 1 ipc 1 n epoxv grc ip 1 3 3 i 

bond. (:?• a styrene-based monomer and (3) an acryiic-acid-based monomer, a straight chain organic polymer corn- 
's pound having the above ratio of the monomer units represented by the general formula [V] or [2'J, and the general 
formula [4'] is synthesized, since the monomer units among the monomer units represented by the genera: formula 
[1'J or [2"3, general formula [6'j and general formula 14'] thai correspond to above monomers respectively, have a 
crossiinKable functional group. When the combination is (1 ) a glyeidyl compound having an epoxy group and a polym- 
erizable double bond, (2) a styrene-based mono ei motion ? Ii group con 1 ' 

i'O or more oxygen atoms and a polymer zahie c i i h mi 1 p-ilymer impound having the above 

ratio of monomer units represented by Ihe genera: formula [1] or [21, and the general formula j5'j is similarly synthe- 
sized. Ratio of (1 ) a glyeidyl compound having an epoxy group and a polymerizable double bond, (2) a styrene-based 
monomer and (3) a monomer having a hydroxyalkyl group containing one or more oxygen atoms and a polymerizable 
double bond is preferably (1) : (2) : (3) = 3 to 12 : 78 to 92 : 5 to 10. 
25 [0085] in a so-called crosslinked organic polymer compound relating to the present invention, obtained by crosslink- 
ing a copolymer composed from monomer units represented by the above general formulas [1'J, [2'], [4'j, [5] and/or 
[6'], a crosslinking section exists between an alkylene chain derived from a polymerizable double bond and another 
alkylene chain derived from a polymerizable double bond, which are represented by the - tur al formula 

existing in a monomer unit:. 



Number ol mis in ;he shot I 1 link > h en lion i sua /one hi on 

The preferable lower limit thereof is, in order, 2, 3, 5, 8, 10, 11, 15, 18 and 19 (the latter is more preferable), and the 
preferable upper limit thereof is ,in order, 400, 200, 100, 80, 70, 60, 50, 45, 40, 35, 30 and 28 (ihe latter is more 
40 preferable). 

[0086] The above number of atoms in the shortest chain of a crosslinking section is, for example, 9, as shown by 
lun in hi k polymer compound has repr< 1 

follows: 
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20 

[0087] A caialys! composition of the present invention, where a palladium catalyst is physically carried on the 
crossllnked organic polymer compound such as described above, can be manufactured by homogenizing, for example, 
a straight chain organic poiymer compound having a crossiinkable functional group and a palladium catalyst in a solvent 
dib r o|v - aid straight ham orga polymer con e by depositing a compc and subjecting 

?s the crossiinkable functional group in said deposit composition to condensation for crosslinking reaction. Additionary, 
in the above manufacture, a palladium catalyst s lo be dissolve! I c m 

suspended, it is also possible to prepare an objective catalyst composition of the present invention even from such 
condition. 

[0088] it has been found that a palladium catalyst carried on a catalyst composition of the present invention is eon- 

30 verted to Pd(0) itself without any coordinated ligand, when Pd{0) coordinated by a lig id (h i t ?oi ime 
abbreviated to coordinated Pd(0)) is used as a palladium catalyst, and also a combination of suitable crossiinkable 
functional groups is subjected to a crosslinking reaction so that number of atoms in the shortest chain of the final 
crosslinking section may be 10 to 35 and preferably 15 to 30. it has been believed that Pd(0) itself :s too extremely 
unstable to be taken out in stable state, however, a catalyst composition physically carrying Pd(0) itself can be easily 

35 obtained (without or tr* triple redu > i j i > < o ^ entton, by combining 

a specific palladium catalyst (coordinated Pd(0)) and a straight chain organic poiymer compound having the above 
mentioned ;pec;:i n un i >rnbina > stile; functi rial lobe 

b° fc the .oj e se Includes, for example on ion I l a mg epox group i a 

nonomi ill iula 11 j or [2| r iif th t , <c ilain irbonyi group 

40 or/and an oxygen atom, represented by R 1 1 in a monomer represented by the genera! formula [5j. A ligand to be used 
for the above purpose includes 1 , 5-cyclooctadiene (COD), dibenzylideneacetone (DBA), bipyridine (BPY), phenan- 
throline (PHE), beut i < i h - 0 ) organic phosphine iigands such as 

dimethyiphenylphosphine (P(CH 3 ) 2 Ph), diphenylphosphinoferrocene (dPPf), trimeihylphosphlne (P(Cm ,) 3 ). triethyi- 
phosphine (P(Et) 3 ), Iri-tert-butylphosphine (P( t -Bu) 3 ), tricyclohexyiphosphine (PCy 3 ). irimeihoxyphosphine (P 

45 (OCH 3 ) 3 ), triethoxyphosphine (P(OEt) 3 ), tri-tert-butoxyphosphine (P{O r -8u) 3 ), triphenylphosphine (PPh 3 ), 1,2-bis 
en DPPE), I noxyph F F and rig i 

ligand is preferable and triphenylphosphine, iri-teri-buty!phosphine, triethytphosphine, trlmethyiphosphine, and the like 
ii r ' !n f 5 I 1 f > i t i j a 

occurs, but It is con' t jss '-<;iiig the above spt-oiio cro c if- < c hindrance, 

so leading to elimination of a ligand from coordinated Pd{0). 

[0089] A carried amount of a palladium catalyst is usually 0.00001 to 0.01 mol and preferably 0.00005 to 0.005 mo! 

poiymer compound is usually 0.00001 to 50% by weight, preferably 0.0001 to 30% by weight, more preferably 0.001 
to 1 5% by weight and still more preferably 0.01 to 10% by weight based on a crosslinked polymer compound. 
55 [0090] A solvent to dissolve a straight chain organic poiymer compound having me above ible functional 

group includes ethers such as tetrahydrofuran, etc. : hydrocarbons such as cyclohexane, n-hexane, etc. . haiogenated 
hydrocarbons such as methylene chloride, etc. 

[0091] i i i ii f on dissolving a straight chain organic poiymer compound having a crossiinkable functional group 
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iii the above solvent, is usually -78 to 200OC, preferably -20 to 100QC and more preferably 0 la 50QC. 
[0092] A palladium catalyst is physically carried on a straight chain organic polymer compound having a crosslinkable 
; 3 n organic polymer compour i > 
and the palladium catalyst in the above solvent. 
5 [0093] The above lysii i te is different from carrying by so-called chemical bond such as an ionic 

bond and a covalent bond, and ,s simple fixation (carrying;, that is, state that a palladium catalyst is sandwiched or 
enveloped by molecular chains of a straight chain organic polymer compound. 

[0094] A compos j t >y filtering site a so e 3 r vhk illadiui a s - 

physically carried on a straight chain organic polymer compounc av 3 a ross ible unctiona $ ? c ht ited 

10 for example, without using a solvent and thus various crossimkataie functional groups contained in the above compo- 
sition cause crossiinking reaction to form crossiinkages. Degree of the resultant crosslinkage.is not especialy limited 
as long as it does not impair objective catalyst activity, and the crosslinked monomer units are about 0.1 to 10%, 
preferably about 0.5 to 5% and mere preferably about 0.5 to 3% based on the total monomer units. 
[0095] < ir- * i iiii in] esent invention can be 

is earned out according to conventionally known methods used for crossiinking a straight chain organic polymer com- 
pound, such as a method to use a crossiinking agent, a method to use a condensing agent, a method to use a radical- 
polymerization catalyst such as a peroxide and an azo compound, a method to add an acid and then to heat, and a 
method to react by combination of a dehydrocondensation agent such as carbodiimldes and an appropriate crossiinking 
agent. 

20 [0096] The state of physically carrying in the palladium catalyst is a network structure formed by closslinking the 
I in mi T I it 1 1 iiurr < 1 i\j >1 than the 

above mentioned physical carrying of a metal catalyst given by as; 1 Iting in less 

leaking of a palladium catalyst. 

[0097] Crossiinking temperature of a crosslinkable functional group by heating is, usually at 50 to 300QC, preferably 
?s 70 to 20QSC and more preferably 1 00 to 1 80QC. 

[0098] Reaction period on thermal crossiinking is usually 0.1 to 100 hours, preferably 1 to 50 hours and more pref- 
erably 3 to 10 hours. 

[0099] When crossiinking ;s earned out by a crossiinking agent, the crossiinking agent for a polymer having an epoxy 
group as a crosslinkable functional group: polyamine compounds such as hexamethylenediamine, hexamethyieneis- 

30 tramine, etc.; polyol compounds such as ethylene glycol, propylene glycol, glycerine, etc.; polycarboxylic acids and 
their anhydrides such as malonic acid, succinic acid, glutaric acid, adiplc acid, pimelic acid, maleic acid, fumaric acid, 
e c hecio slink c - >Symer hav 1 )oxyl group as a crosslinl un 1 1 folyydroxy 

compounds such i , t 1! 3 \ h * 1 j 

closslinking agent for a polymer having a hydroxy! group and/or an acyloxy group as a crosslinkable functional group; 

35 polycarboxylic acids and their anhydrides such as malonic acid, succinic acid, glutaric acid, adipic acid, pimelic acid, 
maleic acid, fumaric acid, etc.; aikyiene oxides such as ethylene oxide, propylene oxide, etc.; polyamine compounds 
> < r ett ylenetetramine, etc., the cios; mer having rnonomei 

unites derived from a monomer having an isoeyanato group as a crosslinkable functional group; polyhydroxy com- 
pounds >u ^ li 1 , <. > t nh '• ' ji >■ malonic acid, 

40 succinic acid, glutaric acid, adipic acid, pimelic acid, maleic acid, -fumaric acid, etc.; polyamine compounds such as 
hexamethylenediamine, hexamethyienetetramine, etc., and the clossiirsking agent for a polymer with an amino group 
< ) il grouf ox, 1 i u cinic acid, 

glutaric acid, adipic acid, pimelic acid, maleic acid, fumaric acid, etc. ; aikyiene oxides such as ethylene oxide, propylene 
oxide, etc. 

45 [0100] When crossiinking is carried out using a condensing agent, the condensing agent includes, for example, a 
dehydrating agent i if > u! ^ 1 1 r 1 hi >< x h 

as a crosslinkable functional group. 

[0101] 51 t tiii led by the above mentioned crossiinking reactions include: 

50 



55 




(wherein R repres - • above R 2 or R 5 ; and R' represents the above R 3 c for e 
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t > 6 po> gi kable functional groups; 

CR-CHH- CR-OW 

0 - (|> OH 

OOOM C>;:::; ? 

(wherein R represents the above R 2 or R 5 : and R' represents the above R 3 or R 6 ) formed by, for example, thermal 
crossiinking of an epoxy group, which is a condensed functional group, and a carboxyl group; 

O oh O or Q OH 

-•OH ( ' 

i sphere n R represents the above R ? - or R 5 ; and R' represents the above R 3 or R 6 ) formed by, for example, thermal 
crossiinking of an epoxy group, which is a condensed functional group, and a hydroxy! group; 

~™CR™CHR' 

Mi, ° H f 

(wherein R represents the above R 2 or R 5 ; and R' represents the above R 3 or R 6 ) formed by, for example, thermal 
crossiinking of an epoxy group, which is a condensed functional group, and an amino group; 



—CR-Cm' OH MB 

0 polyamme ^ 



(wherein R represents the above R 2 or R 5 ; R' represents the above R 3 or R 6 ; and -NH-Q-NH- represents a group 
derived from a polyamine) formed by, for example, crossiinking of two epoxy groups, which are condensed functional 
groups, using an amino group of a poiyamine crossiinking agenp 



CR--CKR ------CR-- 

poivol iH 9 9 
Q or 6 



in oh. 
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(wherein R represents the above R 2 or R 5 ; R' represents the above R 3 or R 6 ; and -Q-Q-O- represents a group derived 
fromadinl) o r iPlh n <=>\ n -< p r qi"up= ^ 

a poiyol crosslinking agent; 

— CR--CHR : 
— CR-CHR' OC-i OH 

0 -k 



(wherein R represents the above R 2 or R 5 ; R' represents the above R 3 or RS ; and -O-OC-Q-CO-O- 
derived from a polycarboxylic acid) formed by, for example, crosslinking of two epoxy groups, which are 
functional groups, using a <x> v< • »> i i ' >* » <\ n 



polyhydroxy confound < p L> 



— CG0M alkykne oxide 
—COOK 



(wherein -O-Q-O- represents a group derived from a polyhydroxy! compound or an aikylene oxide) formed by, for 
example, crosslinking of two carboxyl groups which are cross iinl ial groups, using a polyhydroxy compound 

or an aikylene oxide crosslinking agent; 



COOH polyline 

—cqoh 



F 

? 
m 

— CO 



(wherein -HN-Q-NH- represents a group derived from a pdyamine) formed by, forexarrpl> f vvo carboxyl 

groups which are crosslinkable function I groups us >!yat ompound c 



CO 

OH 

6 



(wher« n -OOC-Q-C roup d ri a polycarboxylic acid) formed by, for example, crc 

■ oups. using a polycarboxylic acid crosslinking a 



EP1 537 913 A1 



— OH alkylene oxide ? 
— OH { i s 

(wherein -0--Q--0- represents 3 group derived from an alkylene oxide; formed by, for example, crossiirtksng of two 
hydroxy! groups which are crossiinfcable functional groups using an alkylene oxide crossiinking agent; 

— NCO ^ V° 
SH 

formed by, for example, crossiinking of two isocyanato groups which are crosslinkable functional groups using water, 

— }p 



-NCO ~ ^ 



c° 



< t- j i ti| < iiv t oin a dihydroxy c.ompound)fcrmed by, for example, crossiinking of two 
isocyanato groups, which are crosslinkable functional groups, using a poiyhydroxy compound crossiinking agent; 



™ K?C0 o-e-a-c- 



(whr ein -O-CO-Q-O > ) <^< jroup ed iroi li ox;, >< rrneri by, fc xampk ( >< iking 
of two isocyanato groups, which are crosslinkable functional groups, using a polycarboxylic acid crossiinking agent; 



CO 



erem -H s - < oup derived from a polyamine) formed by, for example, crossiinking of two isocy- 

anato groups, which are crosslinkable functional groups, using a polyamine crossiinking agent; 



55 
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formed by, for example, crosslinking of an amino group and a carboxyl group, which are on % c ^al groups, 

using a dehydrating agent; and 



— cmm 



formed by, for example, crosslinking of a hydroxy! group and a ca I h are crosslinkabie functional 

groups, using a dehydrating agent. 

[0102] A crossllnked organic polymer compound relating io the present invention may be prepared by using the 
second polymer compound having a poiymerizabte double bond as a polymer compound before crosslinking. Such a 
method includes, for example, carrying out a crosslinking reaction induced by action of a catalyst, for example, a 
peroxide such as benzoyl peroxide and an azo compound such as 2,2\az.obislsobutyronitrile. in the presence or ab- 
sence of a monomer hi . s ;vi . u.enzable double bond such as maleic anhydride. 

[0103] A reaction example for producing a crosslinked organic, polymer compound of the present Invention is shown 
below, where raw material monomers of vinylglycidyl ether i y ene are polymerized io obtain a polymer 

compound before crosslinking, which is then ci 




[0104] In thus obtained catalyst compos ion < he presen n n catalyst is phys rily riei v 3 

crossllnked organic polymer compound. Consequently, electrons are provided by an aromatic ring in a crosslinked 
55 organic polymer compound carrier, in particular, an aromatic ring in a styrene-based monomer unit, which is considered 
to enhance catalytic activity compared with conventional palladium catalysts. 

[0105] A catalyst composition of the present invention is very useful as a catalyst for various reactions, because of 
super or so \ jl a metal catalyst carried on a ■ ar c polymer compound, no de- 
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sy handling. Fu"> e )f 0 valena 

particular, Pd(0) not coordinated, which has not been easily handled, because it may sometimes spontaneously ignite 
in air or lower its activity m air, car; be furnished with higher activity than conventional ones and can be used and stored 
safely for a long period, in accordance with a catalyst composition of the present invention, where a palladium catalyst 
5 is physically carried on a crosslinked organic polymer compound. 

[0108] Since having superior characteristics mentioned above, a catalyst composition of the present invention can 
be advantageously used in industry as a catalyst tor various chemical reactions. 

[0107] Hydrogenation (reduction) of a carbon-carbon double bond in a compound having a reactive double bond is 
one example of these reactions. This means the addition of hydrogen to a reactive carbon-carbon double bond, and 

io for example, an olefin compound is added with hydrogen to get a carbon-carbon single bond, thus leading to easy 
reduction of the olefin compound, by using a catalyst composition of the present invention as a catalyst. 
[0108] A compound having a reactive double bond as a reaction substrate includes any compound as long as It has 
a reactive double bond, for example, a polymer compound and a compound having, any functional group and/or aro- 
matic ring as a substnuenl, as long as these compounds have at least one reactive double bond in a molecule, to say 

is nothing of an olefin compound, a diene compound and an unsaturated cyclic hydrocarbon compound. 

[0109] Usearnx > catalyst < ipositio Jpreser ivention fora h i< tioni; jually 0.000001 

to 50% by weight, preferably 0.00001 to 20% by weight and more preferably 0.001 to 10% by weight based on a 
reaction substrate. 

[0110] The above hydrogenation reaction may be carried out either in an appropriate solvent or in non-solvent. 

20 [0111] A solvent may be any one as long as it is liquid at reaction temperature, and includes specifically, aliphatic, 
hydrocarbons such as propane, butane, pentane. hexane, heptane, octane, nonane, decane. undeane, dodecane, 
iridecane, tetradecane, pentadecane, hexadecane, heptadecane, octadecane, nonadecane, icosane, cyclopropane, 
oycloouiane, cyclopentane, eyciohexane, cycioheptane, etc.; aromatic hydrocarbons such as benzene, naphthalene, 
etc.; alkyl group substituted aromatic hydrocarbons such as toluene, xylene, r - l - - ethyibenzene, propylbenzene, 

?s cumene, butylbenzene, isobuiyibenzene. iert-butylbenzene, pentylbenzene, hexylbenzene, etc.; biphenyi derivatives 
such as biphenyi, terphenyi, etc.; halogen substituted aromatic hydrocarbons such as fluorobenzene, difluorobenzene, 
trifluorobenzene, tetrafiuorobenzene, pentafluorobenzene, hexafluorobenzene, chlorobenzene, dichlorobenzene, 
m til 1 i i >f n/ene, pentachlorobenze - > izene bromobenzene, dibromobenzene, 

tribromobenzene, tetrabromobenzene, pentabromobenzene, hexabromobenzene, iodobenzene, diiodobenzene, triio- 

30 , )ben sr raiodobeuzenr > r.enr < > > ene. eh > halern h > > ithalene fluor- 

otoluene, chlorotoluene, bromotoluene, iodotoluene, etc.; alkoxy group substituted aromatic hydrocarbons such as 

hoxyl i | > i en I > < In I n < oh< I s 

as methanol, ethanoi, propanol, butanol, pentanol, hexanol, heptanol. octanol, nonanol, decanol, undecanol, dodeca- 
nol, tridecanol, tetradecanol, pentadecanol, hexadecanoi, benzyl alcohol, etc.; phenol derivatives such as phenol, cat- 

35 echc sorcinol, cres la il In ai ester h as rtn Mori ^ ^ I f n e, i % ace ate 

ethyl acetate, butyl acetate, methyl propionate, ethyl propionate, butyl propionate, ethyl butyrate, ethyl butyrate, ethyl 

( h < 5ii t I i < h I i < h, i > t l il inai 

dimethyl succinate, diethyl succinate, dimethyl adlpate, diethyl pimelaie, ethyl acetoacetate, etc.; aromatic, carboxylic 
acids s-uc I it it ,1 > < > t > < l< i (< < ilxie noihyl 

40 ethyl ketone, diethyl ketone, hexanone, cyclohexylaceione, acetophenone, propiophenone, aceioin, etc.: ethers such 
as dimethyl ether, methyl ethy! ether, diethyl ether, dllsopropyl ether, tert-butyi methy ethet - r? n; i< rturan, tetrahy 
i T. / m ipentyl phenyl ether, etc.; aldehydes such as formaldehyde, acetaidehyde, prcpionalde- 

hyde, butylaldehyde, Isobutyialdehyde, valeraldehyde, isovateraidehyde, benzaldehyde, anisaldehyde, nicotinalde- 
hvdt gut c-itf/Cn ,y05. 2t-'^/de • am^ldehve ;.!"?., i- .e pnthalalde- 

45 hyde, isophthalaldehyde, terephthalaldehyde, glyoxal, aminoacetoaidehyde, aminobutyialdehyde, asparticiaidehyde, 
etc.; amines such as ammonia, metuyiamlne, ethyiamine, dimethyiamine. trimethyiamine, diethyiamine, trieihylamlne. 
1-ethylbutylan m ■ jf exylarnlne naphthylamme, benzofuranamine, etc. These solvents are selected as appropri- 
ate depending on such as kind of a reaction substrate, reaction temperature or an objective reaction period, and may 
be used either alone or in a proper combination of two or more solvents. 

so [0112] it is preferable to use a solvent not comprising a compound having structure to induce a hydrogenation reaction 
of 3 carbon-carbon double bond thereof so as to give priority to a hydrogenation reaction of a reaction substrate. 
[0113] A reaction can be carried out in suspended state, even if a reaction substrate is not completely dissolved in 
the above solvent. 

[0114] When a solvent is not used, a reaction substrate may be reacted in molten state or in vapor phase. 
55 [01 1 5] Reaction temperature is usually -30 to 300QC, preferably 0 to 200SC and more preferably 20 to 200QC. 
[0116] Reaction period is usually 0.1 to 200 hours, preferably 0.2 to 24 hours and more preferably 1 to 12 hours. 
[0117] Reaction pressure is usually atmospheric pressure to 100 MPa, preferably atmospheric pressure to 10 MPa 
and more r < > essure to 1 MPa. 
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1 ! t ■. 3tt process- 

ing, those in accordance with known hydrogenaiion reactions may be adopted. 

[0119] The above hydrogenation reaction, in which a catalyst composition of the present invention is used as a 
catalyst, is shown by the following reaction scheme, taking benzalaceione as an example of olefin. 



€B 3 



[0120] Metal catalysts of 0 valence such as platinum, palladium, ruthenium, iridium and Raney nickel have been 
used in a hydrogeriation reaction oven olefin, and the like a;; a heterogeneous catalyst, which is insoluble in a reaction 
solvent. In this connection, platinum has been used in PtO, form and other metals have been used in carried state on 
an Inert inorganic carrier such as activated carbon, alumina, barium sulfate and calcium carbonate. Among these, 
pa diur ' i 1 c a t 1 > i < 1 , 1 i n iueut . i n iu i n 1 i^t v i in) 

of a carbon-carbon double bond using hydrogen. 

[0121] However, palladium fixed on activated carbon has a problem wherein the fixed metal leaks during use and 
cannot be reused. 

[0122] The above catalyst composition of the present invention has equivalent or higher activity than a conventional 
palladium-carbon u il\ handled, and also >/ in treated use of many times with little 

metal leakage, and therefor* ;v« /us< jl as t;ial\ i > v ,'di ogenatio tie k ;fin x h« < 
[0123] A catalyst composition of the present invention is also useful for reduction of a carbonyi group, a halogen, a 
nitro group, a nitrile group, and the like, in addition to hydrogenation of an olefin, etc. 

[0124] i v if ) in i In ii illf I tin a< 'i 

at an aiiyl position. 

[0125] An allyl carbonate and a carbon nucleophilic agent are dissolved in a proper solvent and a proper ligand (for 
ex? iplb t -n, ^ii- a - t i and then the obtained solution is subjected to a reaction under stirring 

in the presence of a catalyst composition ot i present invention, i.o obtain a compound where the carbon nucleophilic 
agent substitutes at carboxyl ester position of an allyl carbonate. 

[0126] 1 , , , t i i > I t I ) < , i< i ill < i < 

it 1 ) - ' ij^ed as a carbon nucleophilic agent are used, is shown by reaction scheme below. 



[0127] A catalyst composition of the present invention to be used in a substitution reaction at the above allyl position 
45 preferably comprises a crosshnked organic polymer compound not having an ester linkage. 

[0128] Anally carbonate 11 I 1 u > I t t t tin A posit i he preser inv - > 

includes, ally! methyl carbonate, allyl ethyl carbonate, allyl propyl carbonate, allyl phenyl carbonate, etc. 

[0129] 

acid ester, cyanoacetic acid ester, activated carbon, etc. 

50 [0130] A ligand to be added on a reaction includes, organic phosphine ligands such as triphenylphosphine, tri-tert- 
bu'ylph c x i ^ \" i jl i if 

[0131] A reactive solvent is not especially limited as long as the solvent can be used in this field. 
[0132] Reaction temperature is usually -78 to 200QC, preferably -20 to 1006C and more preferably 0 to 50aC. 
[0133] Reaction period is usually 0.1 to 200 hours, preferably 0.2 to 24 hours and more preferably 1 to 12 hours. 

55 [0134] A reaction similar ) h« x>\ < < ou igh < > sing a catalyst composition c 

the present invention as a catalyst, wherein a crosslinked organic polymer compound has an aromatic ring such as a 
styrene monomer unit, and also using an oxygen nucleophilic agent such as phenol having an electron acceptor group 
such as a phenol group, and further a nitro group and a cyano group, instead c f g 
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[0135] it has been known that reactivity of a react <. ^ , sing - ^ <. v I having an 

electron acceptor group s = n vith that c hea dvs substitution reaction at the ally! position 

using a carbon nucleophilic agent. Therefore, It is estimated that in the above catalyst composition of the present 
invention, an electron is donated to a carried metal catalyst by an aromatic ring of a styrene monomer unit ex.- c 
the earner part of the catalyst composition, that :s, a orossimked organic polymer compound leading to improved 
activity of the catalyst itself. 

[0136] A catalyst composition of the present invention is also useful as an oxidation catalyst o; alcohols. 
[0137] For example, In oxidation of secondary alcohols and allyl-type alcohols, such alcohols react first with ally! 
carbonate to form an aiiyl carbonate (that is, diesier), which are reacted in a proper solvent in the presence of a catalyst 
composition of the present invention, to induce beta elimination to form a ketone, as a result, the secondary alcohol 
and the allyl-type alcohol are oxidated, 

[0138] ,»l alcohol, 

[0139] A primary alcohol such as cinnamyl alcohol can < u j j i t 

vention as a catalyst in a "one-pot reaction" as shown by reaction scheme below. 



[0140] As described above, when triphenylphosphine Is present in a system of a reaction using an aiiyl carbonate, 
?5 a substitution reaction at the allyl position proceeds, while an oxidation reaction does not. From the fact that in the 
above oxidation reaction of cinnamyl a oho! n ul t I n s in i a I 

composition of the present Invention, while objective oxidation of the alcohol proceeds, it can be confirmed that no 
phosphme ligand is contained in a cat 

the present Invention is produced from a metal catalyst coordinated with a phosphme ligand as a raw material. 

30 [0141] position o! I nun In n i t is physica 

carried on a crosslinked organic polymer compound, obtained by homogenizing a straight chain organic polymer com- 
pound h i/ \ « ;ablf ' I' 1 group and If ; jdiur alalys n 3 solveni dissolving these, followed by 
mi i i i a mied and subjecting the crosslinkabie functional group in said deposit composition to con- 
densation for crossllnking reaction, can be handled safely and easily without danger of spontaneous ignition and is 

35 very useful as a catalyst for various reactions and also has advantage that it keeps its activity even in repeated use 
and a metal catalyst does not leak from Its polymer compound carrier. It has been said that a heterogeneous catalyst 
such as a catalyst composition of the present invention generally has lower aciivily, however, a catalyst composition 
of the present invention has surprising effect of rather higher catalyst activity than a conventional catalyst. 
[0142] \ ion will nedescnl low in mot th Exan 1 >mparative Examples, 

40 i h nnt c st I- i i - t <=> pr<=se I 

EXAMPLE 

ReierynK \ i 1 In < ,! compound 



50 
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[0143] Afterwashing4.00gofs ' > < ipres? re 
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and 200 ml of dlmethylformamide was added thereto, and cooled in an Ice bath. Then, 6.6 ml of glycido! was added 
io the system while stirring, and the reaction solution was reacted while stirring at room temperature for one hour. After 
completing the reaction, 7 mi of 4-vinylbenzyl chloride and 1 .84 g of tetran n-buiyiammonium Iodide were added io the 
reaction so . T i u n while r for 5 ^ours. After completing the reaction, the reaction solution was ice-cooied, and 

5 diluted with diethyl ether and then the reaction was terminates by adding a saturated aqueous solution of ammonium 
chloride. After separating an organic layer of the solution, a water layer was extracted with diethyl ether and it was 
combined with he organic jyer st larated, wa i a ura jus solution of sod i bicarbona and 

saturated saltwater, and dried with sodium sulfate anhydride. After drying, th:s was filtrated, condensed under reduced 
pressure and purified by silica gel column chromatography to obtain 6.86 g of 4-vlnylbenzy! giycldy! ether (yield: 73%). 

io Measurement results by 1 H-NtvtR and 13 C-NMR of 4-vinylbenzy! giycldyl ether obtained are shown below. 

1 H-NMR (CDC!,) 5=2.60 (d, 1H, J=2.5, 5.1 Hz), 2.57 (d, 1H, J=4.2, 5.1 Hz), 3.17 (dddd, 1H, J=2.7, 2.9, 5.1, 5.7 Hz), 
3.41 (dd, 1H, J=5.7, 11.3 Hz), 3.75 (dd, 1H, J=2.9, 11.3 Hz), 4.56 (dd, 2H, J=12.1, 22.8 Hz), 5.23 (d, 1H, J=11.0 Hz), 
5.74 (d, 1H, J=17.6 Hz), 6.70 (dd, 1H, J=11.0, 17.6 Hz), 7.30 (d, 1H, J=8.3 Hz), 7.38 (d, 1H, J=8.3 Hz) 
13 C-NMR (CDCi 3 ) 6=40 2, 50.7, 70.7, 72.9, 113.8, 126.2, 127.9, 136.4, 137.0, 137.4 

15 

Referential Example 2: Synthesis of a mon^r 1 -> < i i f v t i1 

. ) "It t j I f\ rid 

[0144] 

20 
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[0145] To 200 ml of methylene chloride, 7.0 mi of triethylamine and 9.71 g of tetraethylene glycol were added, and 
then they were cooled to 0 P.C, and 4.9 mi of methacryioyl chloride was; added thereto. After the reaction mixture was 
reacted white 5 t room temperature for 12 hours, a solvent was distilled oft under reduced pressure, and by 
adding diethyl ether to the residue, a hydrochloric, acid salt of triethylamine was separated by filtration. The filtrate was 
35 condensed again under reduced pressure, and after methylene chloride was added to the residue arid they were 
washed -with -water and saturated salt water, it was dried with sodium sulfate anhydride, followed by drying the solution, 
filtration and condensation under reduced pressure to obtain 10.3 g of a product (yield: 78%). According to the meas- 
urement results by 1 H-NMR, it was aft i i° "IN t t>- -l - -il 1 1 j j it- er. 

40 Referential Example 3: Synthesis of a monomer containing a hydroxyalkyl group having an oxygen atom and a 
polymerizable double bond 

(1 ) Synthesis of 3-hydroxy-2-phenylpropene 

45 [0146] 



50 




55 

[0147] A 12.5 ml of decane solution of 5 to 6 md/L of per-tert-butyialcohol is diluted with 50 ml of methylene chloride, 
then 111 mg of selenium dioxide and 90.1 mg of an acetic acid were added thereto io react white stirring at room 
iera e for 30 min. Th< 6.5 ml 0 iei • e was added to the reaction solution to react while stirring for 
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f 2 hours alio is re< .. ed pressure, and pur • a ge! column chromatography io 

obiain 3.98 g of 3-hydroxy-2-phenyipropene (yield: 59%). Measurement results by 1 H-NMRand 13 C-NMRof 3-hydroxy- 
2-phenyipropene obtained are shown below. 

1 H-NMR (CDCI 3 ) 5=1.27 (s, 1H), 4.55 (s, 2H), 5.36(s, 1H), 5.48 (s, 1H), 7.28-7.40 (m, 3H), 7.42-7.50 (m, 2H) 
5 13 C-NMR (CDCI3) 6=65.0, 112.6, 126.0, 127.9, 128.5, 138.4, 147.2 



(2) Syndesis of 3--chloro-2-phenyipropene 



[0148] 



15 




Z'O [0149] To 3.94 g of 3-hydroxy-2-phenylpropene obtained, a 10 ml of dir eth 1 3 ution containing 3.84 g 

of s-collidine and 1 .245 g of lithium chloride was added, and they were cooled to 0 oC. To a suspension obtained, 2.45 
mi of methanesulfonyl chloride was added in drop-wise. After heating the reaction solution to room temperature over 
8 hours, It was diluted with diethyl ether and the reaction was terminated by adding water. After separating an organic; 
layer of the solution, a water layer was extracted twice with diethyl ether, and then it was combined wiih the organic 

?5 layer separated, followed by washing with water and saturated salt water, and drying with sodium sulfate anhydride. 
After drying, this was filtrated and condensed under reduced pressure, and purified by silica gei column chromatography 
io obiain 3.53 g of 3-c.hioro-2-pheny!propene (yield: 79%). Measurement results by ^H-NMRand 13 C-NMR of 3-chloro- 
2-phenyipropene obtained are shown below. 

1 H-NMR (CDCI3) 5=4.50 (s, 2H), 5.49(s, 1H), 5.60 (s, 1H), 7.30-7.60 (m, 5H) 
30 13C_ NMR (CDCI3) 5=46.5, 116.7, 126.1, 128.2, 128.5, 137.6, 143.9 



(3) Synthesis of tetraethylene glycol mono-2-phenyl-2-propenyl ether 




[0151] After 1 .82g of sodium hyc r co < i t < . in e,| ^as- 

sure, followed by the addition of 70 ml otle n atet -nJf n an ice bath. Then, a solution dls 

8.81g of tetraethylene glycol was added to 10 ml of tetrahydrofuran in the system while stirring. After the reaction 
solution was reacted while stirring at room ierriperatore for one hour, a soiudon dissolving 3.46q ot 3-ct;loro-2-ohenyl-- 



ropen 



I ml 0 



and U 



ndietf 



; the rea 
lie layer 



t/ith diet 



combined with the organic layer separated. And the solution ohia e eous so ution 

of sodium bicarbonate and saturated salt water, and dried with sodium sulfate anhydride. After drying, this was filtrated 
and then condensed under reduced pressure, and purified by silica gel column chromatography io obtain 4.52 g of 
lent si m I 1 r 3 yl fur s 4 urer n MR and 13 C-NMR of 

el 36 lylene glj oi mon ; rc peny! ether obtained are shown below. 
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■H-NMR (CDCI3) 8=2.72 (s, 1H), 3.58-3.74 (m, 16H), 4.42 (s, 2H), 5.34 (d, 1H, J=1.2 Hz), 5.53 (d, 1H, J=0.5 Hz}, 
7.25-7.36 (m, 3H), 7.44-7.52 (m, 2H) 

,3 C-NMR (CDCI3) 8=61.7, 69.2, 70.3, 70.53, 70.58, 72.4, 73.1, 114.4, 126.1, 127.7, 128.3, 138.7, 144.0 
5 Referential Example 4: Synthesis of a straight chain polymer compound-1 
[0152] 




[0153] 0 ml of toluene Igc ene, 3,fc enzyl I ether o ained eferent t npte 

?s 1 , 1 .7 g of a methacrylic acid and 1 g of 2,2'-azobis(2,4-meihylva;eroniirile) were added, and they were reacted by 
heating under refluxlng at 70 to 80 eC for 8 hours. Alter completing the reaction, the reaction solution was cooled to 
room temperature, then dropped to 500 ml of ice-cooled hexane io solidify a polymer, Thi 

off, followed by dissolving in 50 ml of THF, and pouring 500 ml of hexane to re-prec:pl;ate. This operation was repeated, 
followed by drying under reduced pressure to obtain 11.8 g of a polymer (yield. 65%). According to the measurement 
30 results by 1 H-NMR, ratio (X:Y:Z) of each monomer unit of the polymer obtained (styrene/4-vinylbenzyl glycidy! ether 
/methacrylic acid) was found to be 61 :28:1 1 . Weight average molecular weight M w of the polymer obtained was 1 9,504. 

Referential Example 5: Synthesis of a straight chain polymer compound-2 

35 [0154] 




[0155] To 100 m! of chloroform, 23.3 g of styrene, 5.33 g of 4-vinyll ei ob-a "ea in Referential E> 

arnpie 1, 7.74 g of tetraeihyiene glycol monomethacryioyl ester obtained in Referential Example 2, and 328.4 mg c 

completing the reaction, the reaction solution was cooled to room temperat jre < 1 o 500 ml of ice-coole 

methanol to solidify a polymer. The polymer solidified was filtered off, washed with methanol, and then dried und{ 
reduced pressure to oblain 23.03 g of 3 polymer {yield: 65%). According to the measurement results by 1 H-NMR, rati 
(X:Y:2) of each monomer unit of the polymer obtained (styrene/4-v ylbenz ' t i 

omethacryioyl ester) was found to be 82:10:8. Weight average molecular 'weight M w of the polymer obtained was 22 
087 , number average molecular weight M n thereof was 12,473 and MJM n was 1.771. 
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Referential Exa hf h am polymer compound-3 




15 

[0156] To 100 mi of chloroform, 23,3 g of styrene, 5.33 g of 4-vinylbenzyl giycidy! ether obtained in Referential Ex- 
ample 1 . 9.08 g of tetraethyierte glycol rnono-2-phenyi-2-propenyi ether obtained in Referential Example 3, and 328.4 
mg of 2,2'-azobislsobutyronitrile were added, and they were reacted by heating under refluxing at 80 BC for 48 hours. 
After completing the reaction, the reaction solution was cooled to room temperature, then dropped Into 500 ml of ice- 
?o cooled methanol to solidify a polymer. The polymer solidified was filtered off, washed with methanol, and dned under 
reduced pressure to oblain 23.0 g of a polymer (yield: 63%). According to the measurement results by 1 H-NMR, ratio 
(X:Y:Z) of each monomer unit of the polymer obtained (styrene/4-vinyibenzy! glycidyl ether/tetraethylene glycol mono- 
2-phenyi-2-propenyi elher) was found to be 90:4:6. Weight average r u v < > » c i r t < Jv t< 
69,985, number average molecular weight M„ thereof was 12,098 and MJM„ was 5.785. 

25 

x ^pli ^ t 1 ill i >i 1 t ) h in i ti - > ,i 

[0157] Into 20 ml of teirahydrofuran, 1 .0 g of a straight chain polymer compound oht< ed m Referential Exai t 
was dissolved, and 200 mg of tetrakis (triphenyiphosphine) palladium was added thereto, and they were reacted while 

30 timnij 3 it i ii , ill h hi | i if In u s 

solution, was added thereto to solidify a polymer, and they were left to stand for 12 hours. After decantation of a hexane 
layer, the polymer was dried under reduced pressure. After the polymer obtained was pulverized, I! was agitated at 
120 QC for 2 hours in non-solvent condition, and the polymer was cooled to room temperature. Then, teirahydrofuran 
was added thereto and they were agitated, followed by filtering off, washing with tetrahydrofuran and drying under 

35 reduced pressure to obtain 750 mg of a catalyst composition of the present invention. 

[0158] From the filtrate, whole amount of triphenyiphosphine could be recovered corresponding to that of tetrakis 
i 5 vlj h s i i i I i lii i i t ii i I i i arrif i i an 1 i 

metal contained in 1 g of a catalyst composition of the present invention was 0.215 mmoi. 

[0159] in this connection, introduction ratio of palladium metal was determined by measuring residual palladium 
40 metal in filtrate using a fluorescent X-ray spectrometer, and by comparing with amount of metal used in a reaction (the 
same hereinafter}. 

Example 2: Synthesis of a catalyst composition of the present invention 

45 [0180] Into 20 ml of tetrahydrofuran i.Og of a straig t chain poly iei impound . e eferent Exai jie 6 
was dissolved, and 100 mg of tetrakis (triphenyiph $i e'i m ad< d thereto id they were eacted vvi t 

stirring at room temperature for 24 hours. After completing the reaction, hexane, which is a poor solvent of the reaction 

i a i ii i l it i I i It an id h A ' < I i 

layer, the polymer was dried under reduced pressure. After the polymer obtained was pulverized, it -was agitated at 

«J 120 QC for 2 hours in non -solvent condition, and cooled to room temperature. Then, tetrahydrofuran was added thereto 
and they were agitated, followed by filtering off, washing v fj i edt > ed p essi r to 

Qrngofa( I ion of the present invention. From the filtrate, whole amount of triphenyiphosphine 

could 1 1 red s iin j to that oi n i Iroduction rati 

palladium metal on a polymer carrier was 97%, and palladium metal contained in 1 g of a catalyst composition of the 

55 present Invention was 0.108 mmoi. 
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txample 3: Synthesis of a cataiyst composition of the present invention 

[0181] The same procedure as Example 2 was conducted except th a i 
in Referential Example 5 was used as a polymer carrier instead of a straight chain polymer compound obtained in 
Referent's! Example 8, and 792 mg of a catalysi composition of the present invention was obtained. From the filtrate, 
» - ij jf e ^ ine was recovered corres hat of tet i Jhosphine l 

used. / 1 )- )- rtio of pa 3 i nelal or polymer carrier was 97%, and paiiacil-jm metal contained in 1 g 
of a cataiyst composition of the present invention was 0.108 mmoi. 

Experimental Example 1. Hydrogenation reaction of an olefin-: 

[0162] 



[0163] To 5 mi of tetrahydrofuran, 115 mg of a cataiyst composition of the present invention (palladium metal content 
0.025 mmol) obtained in Example 1 and 73.0 mg of benzalacetone were added, and they were reacted while stirring 
under hydrogen atmosphere at room temperature for one hour. After completing the reaction, hexane was added to 
the reaction solution and they - - agitated. When the reaction soioiion became transparent, the cataiyst composition 
of the present Invention used was filtrated. After a filtrate was condensed, it was purified by silica gel thin-layer chro- 
matography to obtain 50.3 mg of 4-phenyi-2-butanone (yield: 68%}. By measurement of the filtrate before purifying 
with a fluorescent X-ray spectrometer, it was affirmed that palladium leakage was not observed from a catalyst com- 
position of the present invention. 

[0164] And a cataiyst composition of the present invention filtered off was washed with tetrahydrofuran, and then 
recovered by drying under reduced pressure. 

[0165] It was proved by the measurement results using 1 H-NMR and 13 C-NMR that a product obtained is 4-phenyi- 
2-butanone. 

Experimental Example 2: Hydrogenation reaction of an olefin-2 

[0166] To 5 ml of tetrahydrofuran, 231 mg of a catalyst composition of the present invention (palladium metal content: 
0.025 mmoi) obtained in Example 2 and 73,0 mg of benzalacetone were added, and they were reacted while stirring 
under hydrogen atmosphere at room temperature for one hour. After completing the reaction, hexane was added to 
the reaction solution, followed by stirring and filtering a catalyst ccn josi en u: d when the 

reaction solution became transparent. After the filtrate was condensed, it was purified by silica gei thin-layer chroma- 
tography to obtain 60.0 mg of 4- phenyl-2-butanone (yield: 81%). By measurement of the filtrate before purify ng vi • 
fluorescent X-ray measurement, it was affirmed that palladium leakage was not observed from a cataiyst composition 
of the present invention. 

[0167] u , In if n I 1 a a it i an i ten., 

ered by drying under reduced pressure. 

[0168] ii was confirmed by the measurement result using 1 H-NiviR and !3 C-NMR that the product obtained is4-phe- 
ny!-2-butanone. 

[0169] The same operations as described above were repeated 4 times using the recovered catalyst composition 
of the present invention again as a catalyst. Repeated use times of the catalyst and yield of 4-phenyl-2-butanone 
obtained in each reaction are shown in Table 1. 

Experimental Example 3: Hydrogenation reaction of an olefin-3 

[0170] The same reaction as In Experimental Example 1 was conducted except that a catalyst composition of the 
present invention obtained in Example 3 was used instead of the catalyst composition of the present invention obtained 
in Example 2. Yields of 4-phenyl-2-buianone obtained are also represented in Table 1. 



EP1 537 913 A1 



Comparative Example 1: Hydrogenation reaction or an olefin 

[0171] The same reaction as in Experimental Example 1 was conducted except that a palladium carbon (Pd content: 
5%) was used instead of the catalyst composition of the present invention. Yield of 4-phenyl-2-butanone obtained is 
5 also shown in Table 1 , 

Table 1 





1st time 


2nd time 


3rd time 






Experimental Example 1 


81% 










Experimental Example 2 


93% 


80% 


88% 








85% 


80% 


87% 






Comparative Example 1 


91% 











[0172] in this Table, indicate; "not experimented." (the same in Tables hereinafter). 

[0173] As clear from Table 1 , it is proved that a catalyst composition of the present Invention has equivalent activity 
to that of a conventionally used catalyst, and even by many times repeated use little decrease in activity was observed. 

Example 4: A substitution reaction at an ally! position-1 

[0174] 



25 




[0175] In the presence of 1 1 5 mg of the catalyst composition of 1he present invention (palladium m< ai conten i2 
mmol) obtained in Example 1 and 26.3 mg of iriphenyiphosphme, 63.9 mg of ally! methyl carbonate and 104.1 mg of 
dimethyl phenylmalonate were added to 5 ml of teirahydrofuran, and they were reacted by heating under dry distillation 
for 12 hours. After completing the reaction, hexane was added to the reaction solution and stirred. When the reaction 
solution became transparent, a catalyst composition of the present invention was filtered off. After a filtrate was con- 
x 2 t In iii) na| 3 v I r <j o | t 

54%). By measurement of the filtrate before purifying with a fluorescent X-ray spectroi i** 1 no . . i '• ■:, u*. • ■ s 
observed from a catalyst composition of the present invention. 

[0176] A catalyst composition of the present invention filtered off was washed with teirahydrofuran, and then recov- 
ered by drying under reduced pressure. 

[0177] The same operations as described abo t "g the ecovered catalyst composition of 

the present Invention again as a catalyst. Repeated use times of the catalyst and yield of dimethyl at / > , n : - v < 
obtained in each reaction are shown in Table 2. 

Example 5: A substitution reaction at an ally! posiiion-2 

[0178] in the presence of 231 mg of the catalyst composition of the present invention (palladium metal content: 0.025 
mmol) obtained in Example 2 and s. 3 mg of triphenylphosphine 63.9 mg of ally! methyl carbonate and 104.1 mg of 
dimethyl phenylmalonate were added to 5 ml of tetrahydrofuran, and they were reacted by heating and dry distillation 
) I i in j, - reac i n £ ->dnt t ht i d hu s med. When the reaction 

solution became transparent, a catalyst composition of the present invention was filtered off. After a filtrate was con- 
den; vat pun , ;i!ii g i 1 1 ' t i ta ograph obta 109.3 mg limethy 

c efiiirate before pohf g ha«uc ctrometer, no palladium le 

was bserved from a catalyst composition of the present invention. 

[0179] A catalyst composition of the present invention filtered off was was led an and then recov- 

ered by drying under reduced pressure. 
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[0180] The same operations as described above were repealed 4 times us:r;g the recovered ?! t composition 
of the present Invention again as a catalyst. A catalyst composition of the present invention did not show palladium 
leakage even by the abc re peated use of 5 times in total. 

[0181] Repeated use times of the catalyst and yield of dimethyl allylphenyimaionate obtained in each reaction are 
also shown in Table 2. 



Examples sub ion - t osition-3 

[0182] The same reaction as in Example 5 was conducted except that a catalyst composition of the present invention 
obtained in Example 3 was used instead of the catalyst composition of the present invention obtained in Example 2. 
Repeated use number of the catalyst and yield of dimethyl aiiylphenyimalonate obtained in each reaction are also 
shown in Table 2. 

Table 2 





1st time 








5th time 


Example 4 


54% 










Example 5 


Quant 


85% 


89% 


95% 


82% 


Example 8 


95% 


100% 


94% 


94% 


71% 



[0183] As clear from Table 2, it is proved that a catalyst composition of the present invention showed little decrease 
/< i , i ' ii h m (in "vipii : \i ,i ii c repeated 

use, a catalyst composition of the present invention does not exhibit metal leakage from a polymer carrier. 

Example 7: A substitution reaction at an ally! posltion-4 

[0184] The same substitution reaction at an aiiyl position was conducted as in Example 6, except that a reaction 
period was 2 hours. And by recovering the catalyst used, the same reactions were repeated 5 times. Repeated use 
number of the catalyst and yield of dimethyl aiiylphenyimalonate obtained m each reaction are shown in Table 3. in ail 
of the reactions, metal leakage from a catalyst composition of the present invention was not observed. 

Table 3 





1st time 


2nd time 


3rd time 


4th time 


5th time 


Example 7 


88% 


94% 


98% 


87% 


98% 



[0185] Asclea 1 i Ex an e 7. >l is proved t tin erstion obtained in Example 

3 has favorable activity even though a reaction period is significantly shortened. 

Examples 8 to 12: A substitution reaction at an ally! position 



[0186] - i n b~ci"ii~ an" p 1 i an nol of 

ally! carbon it Table 4 r r j nucleophilic 5 < 1 i Table 4 were used. 

Compounds obtained in each reaction and yields thereof are also shown in Table 4. 
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Table 4 



5 




Ally I carbonate 
(Amount used) 




Product 
(Amount of: 
\ cl : 


\' i e 3 i 




Ex. 8 


e fc hy i 2 - 
matbylal lyl 

■79.3 mg) 


< hyl 
phe-v.1 

v ' 1 m-f> 


dimethyl 2- 
methyial i ylph 
enylmalona te 
(123 i rag] 


94% 




Ex 




aliyl methyl 
carbonate (S3, 9 






94* 








ng) 


{95 . 1 ;r o } 


MAS 5 tr<n\ 




20 






allyl methyl 
carbonate {63.9 


1 •■ naphtho 1 
172*1 mg} 














(92.1 mg ? 




25 


Sx 




allyl methyl 
carbonate {63.9 


(72.1 mg) 


(88.4 tag) 






Ex 


12 


aliyl methyl 
carbonate (63.9 


p~n.itrophenol 
{69.6 mg) 


(83.6 mg) 


100% 



3s [0187] Generally, it Is known thai when a nuclecphilie agent containing oxygen, such as phenol having an electron 
accepting group ,\u i j i i u i i i n it n I i i s i 

remarkably decreased. However, As clear from Example 12 in Table 4, it is proved that when a catalyst composition 
of the present invention is used, even when a nucleophiiic agent containing oxygen with an electron accepting group, 
:s used, a reaction proceeds extremely effectively. From this, it can be understood thai a catalyst composition of the 

40 present invention has high catalytic activity as compared with a conventional catalyst. 

Example 13: An oxidation reaction of an alcohol 

[0188] To 5 ml of acetonitriie, 0.025 rnmol of the catalyf i n hi st ^o i led in Example 

45 3, 67.1 mg of cinnamyi alcohol and 63.9 mg of allyl methyl carbonate were added, and they were reacted while stirring 
at 80SC for 2 hours. After completing the reaction, the catalyst composition of the present invention was filtered off. 
After a il - <=> -hromaiographi o obtain 45.4 mg of cinnamai- 

dehyde (yle "> r lent of the filtrate bi xe purifying with fluorescent X-ray measurement, palladium 

leakage was not observed from a catalyst composition of the present invention. 
50 [0189] A catalyst composition of the present invention filtered off was washed with tetrahydrofuran, and then recov- 
ered by drying under reduced pressure. 

[0190] As clear from Example 13, it is proved that a phosphine stgand does no; exist in a reaction system, since by 
using a catalyst composition of the present invention, cinnarnyl alcohol is oxidized without inducing a substitution re- 
a tion 3 illy pos ion ia s lis pre dtha 1 ataly - ipe v ph sphine 

55 jigand used In synthesis thereof is not contained at all. 
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INDUSTRIAL APPLICABILITY 



[0191] A caialysi cc > > I ein a 0 valence metal catalyst physically carried on a crosslinked organic polymer 
compound, can be obtained by homogenizing a straight chain organic polymer compound having a crossiinkabie func- 
s tional group and a 0 valence metal caialysl coordinated with a ugand, in a solvent which dissolves these, followed by 
deposition of the composition produced, and subjecting a crossiinkabie functional group in said deposited material to 
' < - ' ore, the catalyst composition thus obtained can be safely 

ic t a v idled withouic er or spent < gnition, and the like, and is ex i f5 i - 5 . > f i< a 
chemical reactions, and further, activity thereof is not lowered by repeated use, and a metal catalyst does not leak at 
'io all from a polymer carrier compound. 



1. Ac talyst a os iun r ipr g r^ss CKed organic p i - 1 i - therein 
said catalyst is physically carried on said crosslinked organic polymer compound. 

2. The composition according to Ctaini 1 . wherein the palladium catalyst is Pd(0) or a salt of Pd(ll). 

3. The composition according to Ciasm 2, wherein Pd(0) has no ligand. 

4. The composition according to Claim 1 , wherein the crosslinked organic polymer compound is: 

a crosslinked product of a polymer or a copolymer j I i Mat least one 

kind of a monomer ha f double bond, or 

a crosslinked product of a copolymer obtained by copolymerizmg 1) at least one kind of a monomer having a 
i ink I I it ubli bond and 2) at least one kind of a monomer having 

a polymerizable double bond. 

5. The composition according to Claim 4, wherein the crosslinked organic polymer compound is a crosslinked product 
of a copolymer obtained by copolymerizing : 

1) two kinds of monomers having a crossiinkabie functional group and a polymerizable double bond and 

2) one kind of a monomer having a polymerizable double bond. 

6. The composition according to Claims 4 or 5, wherein the crossiinkabie functional group Is an epoxy group, a 
carboxyl group, a hydroxyl group, an aeyioxyi group, an isocyanato group or an amino group. 

7. T composi i i iin \ ims 4 or 5 ra morion < > lonorner h aving a 
crossiinkabie functional group and a polymerizable double bond is 0.1 to 100% based on the whole copolymer 
before crosslinking of the crosslinked organic polymer compound. 

8. The composition according to Claim 4, wherein : 

1 ) the monomer having a crossiinkabie functional group and a polymerizable double bond is represented by : 

(1 ) a glycidyl compound having an epoxy group as a crossiinkabie functional group, selected from a giycidyi 
-t i ^ il i, c - c | is s in j 1 f< i [ ]cr[?] espectively, 

O O 

(wherein R 2 , R 3 , R 5 and R 6 each independently represents a hydrogen atom or an alky! group having 1 
to 6 carbon atoms; X and Y each independently represents an aik ' tc 8 carbon atoms; 

R 2 may form a ring of 3 to 6 members together with carbon atoms of R 3 or X, and R 5 may form a ring of 
3 to 6 members together with carbon atoms of R 6 or Y; and R 1 and R 4 each independently is a group 
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lerai ft rnuia [3]: 

R"™~~GH=C~~~3P [33 

W 

[wherein R 7 and R s each independently represents a hydrogen atom or an aiky! group having 1 to 6 carbon 
atoms; R 9 represents a direct-linkage, an alkyiene group having 1 to 6 carbon atoms, an arylene group 
having 6 to 9 carbon atoms, an arylaikylene group having 7 to 12 carbon atoms or an aryieneaikyiene 
group having 7 to 15 carbon atoms; and an aromatic ring in the above aryl group or aralkyl group may 
have an alkyl group having 1 to 4 carbon atoms, an alkoxy group having 1 to 4 carbon atoms and/or a 
halogen 3 torn, as a substituent]); 

(2) a monomer having a carboxy! group as a crosslinkable functional group, represent - t i 

general formula [4]: 



CH™C — R n [4] 
CO0H 



(wherein R 10 represents a hydrogen atom or an alkyl group having 1 to 6 carbon atoms; R 11 represents 
a hydrogen atom, an alkyl group having 1 to 8 carbon atoms, an aryl group having 6 to 10 carbon atoms 
or an aralkyl group having 7 to 12 carbon atoms; and an aromatic ring in the above aryl group or araikyi 
group may have an alkyl group having 1 to 4 carbon atoms, an aikoxy group having 1 to 4 carbon atoms 
and/or a halogen atom as a substituent; and R 12 represents a direct-linkage, an alkyiene group having 1 
to 6 carbon atoms, an arylene group having 6 to 9 carbon atoms, an arylaikylene group having 7 to 12 
carbon atoms or an aryieneaikyiene group having 7 to 15 carbon atoms); and 

3) a monomer having a hydroxy! group, an acyloxy group, an isocyanato group or an amino group as a 
crosslinkable fut ; a! groui represented by the following general formula [5]: 



35 

R**— CR^C-m s . [5] 



(wherein R 1 3 represents a hydrogen atom or an alkyl group having 1 to 20 carbon atoms; R 14 represents 
a hydroxy! group, an amino group, hydroxyaiky! group having 1 to 50 carbon atoms that may have a 
carbonyl group and/or an oxygen atom ah, ha to 10 cart 1 3 hydrox in 

group having 7 to 50 carbon atoms that may have a carbonyl group and/or an oxygen atom, a hydroxy- 
's aikylary! group having 7 to 50 carbon atoms that may have a carbonyl group and/or an oxygen atom, an 
»< ! x art n 1 1 , a ' < 1 in isocy- 
anatoaikyi group having 2 to 7 carbon atoms, an isocyanatoaryl group having 7 to 20 carbon atoms, an 
socyan a laving 8 to 20 carbon atoms, an isocyanatoaikyiary! group having 8 to 20 carbon 
atoms, an aminoalk ! gro in; t an at ra atoms, 
50 to 20 carbon 
atoms; an aromatic ring in the above hydroxyaryl group, hydroxyaraiky! group, hydroxyalkylaryi group, 
r » v / , group, isocyanatoaryl group, isocyanatoaraiky! group, isocyanatoaikylaryi group, amirtoaryl 
group, aminoaralkyi group and aminoaikyfaryi group may have an alkyl group having 1 to 4 carbon atoms, 
an alkoxy group having 1 to 4 carbon atoms and/or a halogen atom, R" 5 reptp gen atom, an 
55 alkyl group having 1 to 8 carbon atoms, an aryl group having 8 to 10 carbon atoms or an aralkyl group 
having 7 to 12 carbon atoms; and an aromatic ring in the above aryl group or aralkyl group may have an 
alky! group having 1 to 4 carbon atoms, an alkoxy group having 1 to 4 carbon atoms and/or a halogen 
atom, as a substituent), and 



33 



EP1 537 913 A1 



2) the monomer having a polymerizable double bond Is represen 



X m 

(wherein R 16 and R 17 each independently represent a hydrogen atom or an aikyi group having 1 to 6 carbon 
10 atoms; R' 9 represents a hydrogen atom, a halogen atom or an alky! group having 1 to 6 carbon atoms; R 18 

represents a carboxyi group, a hydroxy! group, an acyioxy group having 2 to 6 carbon atoms, an aryiacyloxy 
yo )h;j ng7to15 ;n alon a!! , my! n 1 3 >6c3rbon atoms ■ /! group ha 
1 to 6 carbon atoms, an aryl group having 6 to 10 carbon at^ 1 in < 11 1 "aving 7 to 12 carbon 

ton " 5 ;i ;n j , \\ group and araik ?ve f hf 

is aikyi group having 1 to 4 carbon atoms, an alkoxy group having 1 to 4 carbon atoms or a haiogen atom, as a 

substituent). 

9, The composition according to Claim 8, wherein : 

20 one kind of the monomer having a crosslinkable functional group and a polymerizable double bond is a giycidy! 

ether represented by the general formula [ij; and 

the other kind thereof Is a monomer represented by the general formula [4] containing a carboxyi group, as a 
h ,1111k 3 ' ' 1 iK|r 3i 1 iu! 1 I ] ( oq a hydroxy! 

group as a crosslinkable functional group. 

25 

10. The composition according to Claim 3, wherein at least one kind of monomers having a crosslinkable functional 
group and a polymerizable double bond represented by the general formulas [1], [2j, [4] and [5], and monomers 
having a polymerizable double bond represented by the general formula [6], is one having an aromatic ring. 

30 11. The composition according to Claim 8, wherein all of monomers; having a crosslinkable Functional group and a 
polymerizable double bond represented by the general formulas [1], [2], [4] and [5], and of monomers having a 
e d by the genera! formula }6] jre th N ' nalie ring 

12. The composition according to Claim 8, wherein in a monomer containing a hydroxy! group as a crosslinkable. 
35 functional group, represented by the general formula [5], R 14 is a straight chain hydroxyalkyl group having 1 to 50 

carbon numbers, which may contain an oxygen atom. 

13. The composition according to Claim 4, wherein In the crosslinked organic polymer compound, the shortest number 
of atoms of crosslinked portion exiting between an aikylene chain derived from a polymerizable double bond and 

40 another aikylene chain derived from a polymerizable double bond is 1 to 400. 

14. The composition according to Claim 1, wherein the crosslinked organic polymer compound is that obtained by 
crosslinking a copolymer of : 

45 (1 ) a giycidy! compound having an epoxy group and a polymerizable double bond; 

(2) a styrene type monomer; and 

(3) an acrylic acid type monomer or a monomer containing a hydroxy? 3 leas e ox e 
atom and a polymerizable double bond. 

50 15. The composition according to Claim 14, wherein the monomer of (3) in the crosslinked organic polymer compound 
is at ol 3d t 1 ig a copoK er of a monomer having a hydroxyaikyl group containing at least one 

o x y c j o i to i ^H". 5Libie bond 

18. Thecomp sitton according to Claim 14 wherein 

55 

the giycidy soxy group and a pulv is I c 

or viny! phenylglycidyl ether; 

the styrene type monomer is styrene or methylstyrene; 
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the acrylic acid type monomer is an acrylic acid or a methacryllc acid; and 

the monomer containing a hydroxyalkyl group having at least one oxygen atom and a polymerizable double 
bond is tetrat ■ j 'V jcryloy! ester or tetrae propenyl ether. 

s 17. A method for producing the composition according to Claim 1, 
characterized in thai : 

a straight cha i om? 5und having a crosslinkable functional group, and a palladium catalyst 

are homogenized in a solvent which dissolves said straight chain organic polymer compound; 
to followed by depositing the composition produced; and 

subjecting a crossiinkabie functional group in said deposited composition to a crossllnking reaction. 

18. The method for production according to Claim 17, wherein the palladium catalyst Is a complex with triphenyiphos- 
phine. t jiytphospi I ,111' -,e, or ir ioneihyipn sphine. 

is 

19. A method for substitution reaction at an allyl position, characterised in that an allyl carbonate and a nucleophilic 
agent are reacted in the presence of the composition according to Claim 1. 

20. A method tor oxidization reaction of an alcohol, characterized in that the composition according to Claim 1 is 
Z'O reacted with an alcohol. 
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